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PREFACE TO THE SECOND EDITION. 


ffiiE first edition of my translation of Dr. Hess’ Forrt- 
schutz, published in 1895,. is now exhausted. I have there- 
fore revised it* and have increased the* number of pages from 
593 to 712, and the number of plates from 259 to 300. I 
have also added a portrait and short biography of Dr. Hess, 
both of which are taken from a biographical sketch written 
by Forstmeisfcer F. Kraetzl, and published in 1902, in the 
53rd annual volume of “ Verlmndlungen der Forst^irte von 
Mahren und Schlesien.” I have also added an index, although 
the table of contents appeared to me, when publishing the 
first edition, as a sufficient substitute. 

The French have never produced an independent work on 
forest* protection, but have included the subject in works 
on silviculture, entomology, mycology, &c. ; the rapid sale, 
however, of my first edition has shown that English-speaking 
foresters require a separate treatise, while such a treatise is 
jfhrt of the scheme of Schlich’s Manual of Forestry, of 
which this book forms Volume IV. I have been .asked why 
I do not frrite an original book on the subject. It would 
have been impossible to do so without borrowing largely 
from German authors, and it therefore appears preferable 
to continue my former plan of translating the best German 
work on the subject? 

Moat of the additional matter contained in the presSht 
Itolume, as compared with the former edition, is due to 
Additions# made by Dr. Hess, in the fourth edition of his 
§obst£Chutz? published in 1900. He has also revised the 
scientific nomenclature of insects and fungi, and has corrected 
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his earlier editions wherever the advance of knowledge rendered 
such correction necessary. The present volume is sot, how- 
ever, merely a translation of Hess’ book ; I have added matter 
that I considered important for British and Indian foresters, 
and have omitted other matter as being only of local interest. 
Several of the new plates are not in Hess’ book*, but have 
been inserted as illustrations of the subject-matter, ^nd also 
to fill otherwise unsightly* gaps at the ends of the chapters. 

This second edition of Forest Protection is uniform with 
the third edition of Volumes I., II.' and III. of the Manual of 
Forestry, which are written by Dr. Schlich. It will very 
shortly be necessary for me to publish a second edition of 
Volume V., Forest Utilization, as that book is also nearly 
out of print. 

W. R. FISHER. 

fi, Linton Road. Oxford, 

Jamitmj lx/, 1007. 




PREFACE TO FIRST EDITION. 


Dr. W. Schlich, C.I.E., lias allowed the present book to form 
Volume IV. of his Manual of Forestry. For this favour I have 
therefore to thank him, as well as for the kind advice and 
assistance he has always readily afforded me dflring the progress 
of the work. This treatise on Forest Protection, the full scope 
of which is explained in the Introduction, is an adaptation for 
English readers of the well-known German Forstbchutz, by 
Dr. Richard Hess, Professor of Forestry at the University of 
Giessen, in Hesse Darmstadt, to whom I am moat grateful for 
permission to utilize his book and its illustrative plates. I 
have found it at times necessary to deviate from the original, 
especially in the chapters on Forest Offences and Rights and 
Forest Insects, so as to render them more serviceable for 
English readers. I have also, wherever practicable, exemplified 
the subject-matter from Britain and India, so that the book 
might be specially useful to British and Indian foresters. 

• Mr. B. H. Baden Powell, C.I.E., Instructor in ForesULaw at 
the Royal Indian Engineering College, and late Judge of the 
Chief Court of the Punjab, has very kindly revised Chapters III. 
and IV. of Part I., which deal with Forest Offences and Rights, 
and has rewritten the pages on forest property and the general 
account of forests rights, so as to make them concordant with 
English law. My own knowledge of insects is too inadequate to 
enable jne to deal properly with Part II., Chapters IV. to VHL, 
which treat of Forest Insects ; I have therefore submitted my 
traqplatign of this portion of the Forstschutz to Mr. W. F. H. 
Blandford^Z.S., lecturer on Entomology at the Royal Indian 
^Engineering College, and I here express my great obligation to 
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him lor revising these chapters and rewriting many pages of 
them, so as to make them more distinctly applicable to British 
insects. While those portions of the work of Dr. Hess whiqh 
deal with insects unknown in the British Isles have been 
largely abridged or entirely omitted, it has not been found 
possible or advisable to remodel the chapters on insects from 
an entirely British point of view. The scientific names of the 
insects referred to have been altered, wherever this was* 
required, so as to conform with the nomenclature adopted in 
the best modern systematic works on British entomology. 

Dr. II. Marshall Ward, F.B.S., has very kindly looked over 
Part III., which deals with forest weeds and fungi, in which he 
has mado some corrections. The scientific names of the forest 
weeds follow Hooker’s and Bentham’s British Flora, 1892 , 
and those of the fungi, B. Hartig’s Lkhrbuch der Baum- 
krankiieiten, being nearly all the same as those adopted by 
Dr. Hess. 

My colleague Dr. F. E. Matthews, F.I.C., lias very kindly 
assisted me wherever any special knowledge of chemistry was 
required, as in the last chapter dealing with the effects of acid 
fumes on trees, and also in correcting proofs of the whole 
book. I have to thank Mr. J. W. Sowerby, of the Botanic 
Gardens, Begent’s Park, for information supplied regarding 
the effects of London smoke on the growth of trees. 

Due reference will be found in the footnotes to the authors 
whose works I have consulted. 

W. B, FISHEB. 

Coopers Hili. College. 

May 1st, 1895. 



SHORT BIOGRAPHICAL NOTICE OF 
‘ DR. RICHARD HESS. 

Richard Alexander Hess was bom on the 23rd of June, 
1835, in Gotha. His father, Karl August Hess, was Privy 
Councillor atid Member of the Board of Revenue at Coburg, 
where Hess passed his early youth. In 1849, his father 
became President of the Board of Revenue at Gotha, and 
Hess continued his studies thero. After leaving school, he 
was at first inclined to a military career, but in 1854 decided 
to become a forester and studied practical forestry and at the 
same time entomology and botany in the Georgental Revier, 
under Oberforster, afterwards Forstrat, Kellner, and Forst- 
meisfcer Schrodter, both distinguished men. In 1855—50, 
he attended the Bavarian forest school at AschafTenburg out of 
which he passed first- among thirty-four candidates. From 
1856 till 1858, he attended classes in Law, Finance, and 
Natural Science at Gottingen. 

He entered the State forest service of Saxe-Coburg-Gotha in 
3$58, and was appointed, in 1859, to the charge of the forest 
range Gehlberg, in the Thuringer Wald. The reigning Duke 
was extremely fond of the chase, so that forestry was then 
subordinate to game-preserving iff the State forests.* Thig 
subordination of forestry to game induced Hess to write on 
the subject to the Font-und-Jagdzcitmg, of which Dr. Gustav 
Hess, Professor of Forestry at Giessen, was then editor. 

■* This paper was not published, but it led to his vising 
/ Heyer at Giessen, and he thus formed a friendship with one 
ol t^e m^st distinguished of German foresters. 

Beyer n&de him French correspondent to the Forst-und 
sjagdaeitmg, and he translated a number of French forest 
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pamphlets (“ Annales forestieres,” “ Bevue des eaux et for^ts,” 
&c.), and reviewed several important French works on forestry. 
In 1868, Beyer was appointed Director of the newly-established 
forjest school at Miinden, and Hess succeeded him as'Director 
of the Giessen forest school and Professor of Forestry there. 
This post he has held ever since, although he was nominated 
Professor of Forestry at Vienna in 1877, and to a similar post 
at Munich in 1884, but he preferred to remain at Giessen. 

Hess was made a Privy Councillor in Hesse Darmstadt in 
1890, and in the same year, his portrait and a sketch of his career 
appeared in the Golden Book of the German people among 
the eleven most distinguished German foresters. He has 
published several works, which give a true picture of his mind, 
intelligent, clear and true. The best-known among these 
are : “ Forstschutz,” the 4th edition of which was published in 

1900, of which the present book is chiefly a translation; 
“ Eigenschaften und forstiches Verhalten der wigtigeren in 
Deutschland einheimischen und eingefuhrten Holzarten”; 
“Encyclopiidie und Methodologie der Forstwissenschaft ” ; a 
revision of the 4th edition of Heyer’s “ Waldban ” ; and “Die 
Forstbenutzung,” a second edition of which was published in 

1901. 

Hess has travelled all over Germany in order to observe the 
various aspects of local forestry, also in Austria, Bosnia and 
Herzogovina. He is one of the most popular and widest 
known of German foresters, and English-speaking people 
are greatly indebted to him for the permission he has so 
generously accorded for I 1 translation into English of the 
results of his long experience and studies. 
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FOREST PROTECTION 


INTRODUCTION. 

1. Definition of the Term Forest Protection. 

Forests may be protected by two agencies 

By the State , through laws and regulations made for the 
general- welfare of the country and forming the subject of 
Forest Low. 

By the Owner of the forest, in his private capacity; only 
this part of the subject comes under the term Forest Protection, 
which may therefore be defined as follows 

Forest Protection has for its object, the seeuritji of forests, 
as far as lies within the power of their owners, against vnfaconr- 
able external influences. 

The measures to be taken in order to protect a forest 
may be:— 

Preventive or remedial, according as their object is to ward 
off certain dangers, or to remedy evils which the forest has 
already incurred. 

The essential conditions of successful Forest Protection 
are:— 

' Knowledge of the phenomena and causes of all damage 
which may threaten forests. 

Knowledge of the available preventive and remedial 
measures. 

A proper application of the above knowledge to any special 
ca^e of damage which may arise. 

2. Position of Forest Protection in Forestry. 

; , v imposition of Forest Protection in the science of forestry 

.be 3pen from the following considerations 
§rj^kicidture teaches us how to form, tend, and regenerate 



forests ; Forest Protection, how to t — # - 

external influences, and is followed by Forest Utilisation, wnien , 
shows how to utilise a forest in the most suitable manner. 
Pese three branches of Forestry are also included in the 
term Forest Production, while the remaining branches are 
comprised under Forest Management, which includes Mensura- 
tion and Valuation of Forests, Working-Plans, and Political 
Economy applied to forests, which may he termed Forest 
Policy. 

u T-TiRTAmnAL Notice. 


The first trace in history of forest protection consists in that 
afforded to sacred groves and trees. We read of such groves 
in the Bible and in Tacitus, and they still exist in India, 
especially in the hill-tracts south of Assam. In Europe, the 
oak and lime appear to have been the trees looked- upon as 
most sacred, and in the Himalayas, the deodar (God’s tree). 

The Ban forests of the middle ages, established by the 
Emperors of Germany and other royal or noble personages 
who wished to secure sufficient tracts of forest for the pre- 
servation of deer and other game, formed the next stage. 
The Windsor, Epping, and Dean forests, the New Forest, and 
some other smaller forest areas are the relics of former 
extensive tracts reserved as hunting-grounds by the Norman 
kings of England. 

The forest laws of the middle ages, besides being chiefly 
concerned in the preservation of game, contain many provisions 
regarding boundaries, forest fires, mast, forest pasture, damage 
to trees, etc. In the Salzburg Eorost Ordinance* of 1524, for 
instance, directions are given regarding boundary marks. In 
a Bavarian forest ordinance of 1568, the influence of the west 
wind on the natural regeneration of forests is referred to, and 
, directions are given to leave a protective belt of trees to th< 
ypest of a felling-area. 

■ c In 1665, the famous Or don nance dcs fonts proposed bj 
Colbert was sanctioned . by Louis XIV, and, amongst othei 
improvements, put an end to the grazing of sheep and^Sto 
m the French Crown forests. 

* H, Eding, “ Die Kechtsverhaltnisse des Waldes.” Berlin, 1874,{t,,$$^| 
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|? T pSIW'CSrlowitz in 1718, in his classical work SylvmUura 
(Economica, which is chiefly devoted to sylviculture, describes 
several measures of forest protection, including a regulation 
made in 1680 against caterpillars. 

As regards damage by game, Burgsdorf wrote in 1796 con- 
cerning the peeling of bark by deer. At the. commencement 
of the nineteenth century, the damage done to forests by game 
was very considerable ; in a battue held by King Frederick 
.of Wiirtemberg in 1812 in the beech forests near Tubingen, 
828 deer and wild pigs were killed in two hours. Only 
since the eventful year 1818 has damage by game to forests in 
Germany considerably diminished, and become more localised 
by the constitution of special parks for game. Such was the 
forest of Compiegne under Napoleon JIT., where all the forest 
revenues were absorbed by the cost of fencing and planting the 
young woods, and where, in 1870, several hundred red-deer 
and thousands of roes, besides much smaller game, were killed. 

In England, James the First was the first monarch who 
considered forest trees of more importance than game; he 
obtained much unpopularity by enclosing part of Windsor 
Forest, and put an end to the pollarding of maiden oak-trees, 
^ which were lopped in winter to enable the deer to browse off* 
the bark of the lopped branches. None but pollard oak have 
been lopped in this way since 1608, and the hollow old oak 
pollards now in the Windsor l/orest were in existence before 
that date. That king’s fondness* for knocking rabbits on 
the head with a stick would, however, bo amply satisfied 
were he now at Windsor, as rabbits have increased in the 
most alarming manner during the last 20 years, and have 
destroyed the valuable undergrowth over large areas of the 
iorest. They render the reproduction of the trees exceedingly 
difficult and expensive, and altogether nullify the proper 
management of the large area of oak forest planted for the 
Mtion in 1816-25. Such wholesale destruction of valualje 
woods by rabbits would not be allowed in any other European 
ppown forest. 

f'lWst grazing was regulated in 1585 by the ordinance of 
Hansfek, wfnch prescribed a 5-years close season for all 
Hepworth Dixon, “ Royal Windsor.” 

B 2. 
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coppice woods with 12-years rotation. Forest pasture, as 
pannage, or the eating of mast by pigs, have greatly ialle 
off in importance of late years, but in earlier times the* 
forest usages vied in importance with that of hunting. 

The great damage done to forests by insects was first noted 
in Germany in 1780, and between that date and 1880 several 
works on Forest Entomology appeared. That by Ratzeburg 
was published in 1887, and another by Altum in 1872. 
Ratzeburg’s book was revised and enlarged by Judeich and 
Nitche in 1885 and in 1895. 

The engineer Br&noiHier undertook tbe fixing of the shifting 
sands on the west coast of France in 1800, on lines already 
proposed by Baron de Charlevoix Tillers in 1786. A French 
law on that subject w as passed in 1 8 1 0. Oberforster von Kropf 
did a similar service for Germany at about the same time. 

The great damage done in 1856, by floods in the Rhone 
Valley, induced the French to pass in 1860 a law for 
“ rchowment des vumtaynex” 

Forest fires were formerly of frequent occurrence in France 
and Germany, but are now regarded as national calamities, 
and rarely allowed to extend over considerable areas. A special 
law against forest fires in Dauphiny was passed in 1872, and 
revised in 1898. They are still prevalent on a large scale in 
Russia and Greece, and in North America. In British India, 
for' the last 80 years, a steadily increasing success has been 
attained by the Government in its efforts to reduce the area 
of State forests burned annually, and measures for protecting 
86,651 square miles of State forest from fire were taken in 1908. 

The preservation of birds useful in forestry and agriculture 
has been furthered by the naturalists of different European 
countries and by the enactment of special laws. At the same 
time, the British gamekeeper by indiscriminately destroying 
birds-of-prey and the smaller carnivora, has allowed rabbits 
and wood-pigeons to increase so enormously, as to become a 
veritable scourge to forestry and agriculture, to say nothing of 
even greater danger from mice and voles. j 

Lastly, the researches of Willkomm in 1866, and of ftobeit 
Hartig in 1874, have brought to light the causes qf m^pv 
diseases of forest trees which are due to funei. , ilk? 
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4. AbRANGEMENT OP MATERIAL. 

The measures to be taken by the owner for the protection 
of his forests may be arranged under the following heads 

Protection of forests against man, animals, plants, atmo- 
spheric influences (frost, heat, wind, rain, hail, snow and 
rime) ; against extraordinary natural phenomena (inundations, 
avalanches, shifting sand and forest fires) ; and against certain 
diseases the causes of which are doubtful, stagheadedness, and 
factory fumes. 

A detailed list of the headings are given at the commence- 
ment of this book. 

It will be noticed that some of the protective measures sug- 
gested in certain cases are conflicting ; thus woods should be 
cut from west to east, in order to protect them against cutting 
east winds, but from east to west, when liable to be thrown 
by strong westerly gales. Stumps must be extracted to pre- 
vent the breeding of certain insects, but should be left on 
hill-sides, when there is danger of erosiou. The forester will, 
however, have little difficulty in deciding, for any case, which 
is the greater danger, and will bear that chiefly in mind in 
protecting his woods. 

5. List of Sciences on which Forest Protection is rased. 

Jurisprudence, chiefly as regards landed property and 
servitudes. 

Zoology, chiefly of game and forest insects. 

Botany and Mycology. 

Physiography and Meteorology. 

Other branches of Forestry (Sylviculture, Forest Utilisation, 
and Forest .Policy). 

A knowledge of forest legislation and of game laws is also 
useful. 
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PROTECTION OP PORESTS AGAINST MAN. 




PROTECTION OF FORESTS AGAINST MAN. 

The damage which may be caused to forests by our fellow* 
creatures may be classified as follows 

Injuries to forest boundaries. 

Irregularities in utilising forest produce. 

Theft of forest produce and damage to forests, or forest 
offences. 

'Excesses by holders of forest servitudes. 

It is the duty of the forester to maintain the boundaries of 
the forest entrusted to his care, to counteract irregularities in 
utilising it, to prevent theft of forest produce and daml§e 
to the forest, and also excesses in the exercise of forest 
servitudes. 



CHAPTER I. 

PROTECTION OP FOREST BOUNDARIES.* 

A clearly defined and permanent*demareation of a forest 
Btands in the iirst rank of the protective measures for forest 
property., It protects the forest against fraud and damage, 
and affords security for all the details of forest management. 
The different points which require consideration under this 


heading are:-^ 


The various kinds of forest boundaries. 

Settlement of 

do. 

Demarcation of 

do. 

Survey of 

do. 

Description of 

do. 

Legalisation of 

do. 

Upkeep of 

do. 

Cost of 

do. 

Improvement of 

do. 


1. The Various Kinds of Forest Boundaries . 
boundaries are of two principal kinds, property and ad- 
ministrative boundaries. 

- By the term property boundaries is meant those that separate 
/estates, or portions of the same estate subject to servitudes. 

% Property boundaries may be either external or internal 
^ surrounding enclosures. Boundaries of servitudes separate 
" those parts of an estate that are affected by rights of third 
l parties from those which are not so affected. Parts of a forest 
Httay be leased for sporting or other purposes, and their 
|J)6ttndaries must be clearly defined. 

Administrative boundaries^m ay indicate:— 

Administrative units, such as beats, ranges, divisions, etc., or*. 
Working units, as compartments, periodic blocks, working^ 
p. ; sections, working-circles, etc. oC 

V fiding, H,, “ Die BechtsverhaUnisse des Waldes,” Berlin. 1874. W.1 
Die Sicherung der 1’orstgreusen.” Eberswalde, 1879. 
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2 , Settlement of Boundaries. 

, All forests must be properly demarcated by boundaries. 

The procedure for settling boundaries differs according as 
they are property or administrative boundaries. Administra- 
tive boundaries depend merely on the will and pleasure of the 
owner of the estate, and the details regarding them are dealt 
with under Working -Plans. 

Property boundaries must be accurately defined. This is 
of the greatest importance to the otnter and also to the public, 
so aB to prevent uncertainty and unnecessary work for the 
executive and legal machinery of the State, lienee in all 



Fig. 1. # Fig. 2. 


civilised countries the procedure for settling property bound- 
aries is laid down by law. Evidence as to the correct 
boundary consists in existing boundary pillars or traces of 
where they have been, statements of old people who know the 
boundaries, and boundary maps. The settlement is best done 
by a public surveyor, who may be either chosen by the parties 
concerned, the adjacent owners, or by the executive State or 
local authority. 

^During the boundary settlement the adjacent proprietors 

i ould be present personally, or by their legally appointed 
Onts, and boundaries which may be regulated in their . 
fence after a formal summons to be present will be held to 
Itaye been duly accepted by them. The surveyor shoflld 1 
fedeavour to lay down the boundary on the ground by friendly ) 
^G^menk between the parties ; if he should not succeed, the - 
C&petgjiB^a^-court^ or officials must decide disputed points* - 
:V;Tbe surveyor should fix the boundary lines as long and 



^straight as possible, in order to render the estates tdxM 
valuable, and to keep down the cost o! demarcating and 
maintaining the boundary. This maxim should not, however, 
be carried too far, when by so doing, boundary points would 
be situated in impassable places, such as swamps, etc. 

All boundary points which have been finally settled should 
at once be marked by durable posts, and by digging narrow 
trenches in the direction of the boundary lines (Fig. 1), or in 
a circle round each post (Fig. 2). During the progress of the 
boundary settlement, the surveyor should make a rough plan 
of the boundary line, and keep notes of the evidence brought 
before him. 



3 

Fig. 3. —Partition of an island by tbe line M mid-stream, between two adjacent 
owners, A. and B., into two parts A , B r 



Fig. 4 . — Partition of a river-side accretion (7, by the line a be. 

8. Demarcation of Boundaries . 

The demarcation of boundaries is effected by natural, arti- 
ficial, or mixed boundaries. » B % 

Property boundaries require to be more pennaA'tet^markedJ 

ilian a/1 vnmiatrai.ii/ a Bnvmzlariefl 
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a. Natural Boundaries. 

■ Natural boundaries are 
Water-partings, 

Water-courses, 

Marked trees, etc. 

With the exception of water-partings no natural boundaries 
are very permanent. Streams frequently alter their course, 
and trees are liable to die or be blown over or cut down.* At 
the same time, wherever the course of a stream is fairly well 
fixed, as in a deep valley, such a natural feature forms a good 
and economical boundary between two properties. In the 
case of water-courses, mid-stream is generally considered the 
boundary as in Fig. 5. Where deposits of new land occur, 
they belong as a rule to the proprietor who owns the shore 
along which they occur. If several owners participate in the 



Fig. 5.—' Water-course with boundary marks. 


Bhore, the new boundaries are indicated by producing the 
original boundary line through the new accretion to the water- 
Bide as shown in Fig. 4. In the case of erosion and re-deposit, 
laws differ ; in some cases, the owners. can claim the area thus 
lost and re-deposited. In other cases, as in certain partB of 
British India, new islands formed in the middle of a river 
belong to the State. Owners are allowed to prevent erosion 
by artificial works, fixing the banks, etc. It is not, however, 
permissible to induce deposits by artificial means. 

| For greater security natural boundary lines may be marked 
Sy numbered marks similar to those described below for arti- ' 
ficial boundaries. If the centre of a stream is the boundafy, 

: * Pollarded trees often serve as boundary marks in private forests near l be 
tifer §hine. »Tbey are thus easily distinguished from the other trees, that are 
tot pollarded^fSfips of poplars or willows may be planted on favourable soil to 
»em aa t*Jw>dary marks. These may be subsequently pollarded. In India, 
gstoi ^ iout be used. 
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sheboundary marks are placed alternately Ou ciuuat otuw 
it, ,as in Pig. 5, but only on one side of it if the bank fo th$l 
boundary. 

Artificial fioundarm. 

Artificial boundary lines consist of 
Roads, or lines of boundary marks. 

The line of a road may have to be changed, especially at 
certain points to reduce too steep a gradient, and this may be ■ 
an objection in some cases to a road as a permanent boundary, 
but a well aligned road forms an excellent and economical 
forest boundary, and facilitates the export of produce from 
the forests on either side of it. 

Lines of boundary marks may be demarcated by mounds of 
earth or stones ; by wooden or iron posts, masonry pillars, or 
cut stone blocks. All boundary 
marks should be numbered con- 
secutively, and the numbers on 
them painted black or white accord- 
ing to the colour of the marks. 
The marks for each separate forest 
property are usually numbered frqpi 
north to west and by south to east, 
and on property boundary marks . 
the initial letter of the owner’s 
name may be added. Every enclo- 
sure in a forest belonging to another 
owner than that of the forest should 
be surrounded by similarly num- 
bered boundary marks. 

In case of any addition to a 
forest involving fresh boundary 
marks being interposed between two formerly existing marks, J 
letters a, b, etc., may be added to the earlier number to denote 
their position. - 

f;Pig. 6 shows the usual mode of representing a line of? 
boundary marks, on a map. 

it’ The nature of the boundary will differ accordm^sfejihejfli] 
Maine estate is woodland, or cleared for agriculture. In 





i □ 

Fig. 6 . — ^Artificial boundary Hue. 
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iorfier ease, a strip of a certain breadth inside the boundary 
laay have to be kept clear of forest growth. The choice of 
|,he kind of boundary mark depends on circumstances, but 
atone or masonry pillars are generally to $e preferred. In 
caseatwhere a rapid demarcation is necessary, and cut stones 
or even bricks are not easily procurable, as in certain districts 
in India, conical mounds of earth or of stones, with posts 
in the centre, are sometimes used, at any 
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rate until more permanent marks can be 
supplied. 

In constructing such mounds, the post, made 
of heartwood only and of the most durable 
timber available, is first planted in the soil, 
tho portion in the ground having been charred, 
or the whole post creosotod or tarred so as to 
ensure greater durability. Bound the post 
two circles are then traced in the ground, and 
earth to be 


heaped up must 
be dug from 
beyond the outer 
circle and placed 
within the inner 
one. Otherwise 
the heap would 
soon settle down 
into the trench. 
The mounds may 
be made of stones 



Fig. 8.— Boundary stone. 


a available. The slope of the mounds will correspond with 
Uie natural angle of repose for the class of material employed, 
and their height should he about four feet. Earthen mounds 
*ould be carefully protected by placing sods on their surface. 
Wooden posts without mounds may also be t*ed as boundajy 
Itorls, but they are then more liable to he thrown down by 
f pt.Ua, or wild animals, or to be removed. In either case 
posts should bear current numbers, a very durable form ; 
£^ttg,a irfft-iron plate, in which the number is embossed. , 
may be painted pn the posts, 
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>/Hess jgives a usefuffind of iron boundary mark as shows 
in Fig. 7*. The lower and upper plates can be removed .to 
facilitate transport. Stones are heaped on the lower plate 
after it has bdln put into the ground to the required 
depth. % 

The best of nil boundary marks are generally hewn stones 
(Fig. 8), or masonry pillars. The former may be prismatic, 
triangular, or rectangular in section, with a rounded top on 
which lines are cut showing the directions of the two adjacent 
pillars. Serial numbers should be cut on one of the faces of 
pillar. The lower portion to be placed in the ground should 
be left rough and be of larger bulk than the cut portion, so as 
to ensure stability. 

Care should be taken to select durable material such as 
granite, basalt or quartzite for these stones. 

Where hewn stones are not available, pillars of brick and 
mortar or rubble masonry may be erected, a sufficient founda- 
tion being of course provided. The current number is carved 
on a small flat piece of stone or slate inserted in the sloping 
top of the pillar. This is greatly preferable to inserting the 
number on a prismatic piece of stone let into the apex of the 
pillar, as is sometimes done. Such pieces are easily loosened 
by boys engaged in tending cattle or sheep near the forest 
• boundary. These pillars should be formed of cubes with 
a side of 2J to 8 feet, surmounted by a pyramid 6 to 9 inches 
high. 

It is customary in India to bury a quantity of charcoal under 
boundary pillars, so as to assist detection of any fraudulent 
change in their position. 

& In all lines of boundary marks, one mark should be placed at 
' each angle, and whenever two angular points of the boundary 
' are too* distant to be Been from one another, a sufficient number 
;!•©! intermediate pillars should be erected. The intermediate 
pillars need noj be so substantial as the corner pillars. 

^ If the boundary is merely a line, the pillars are placed along 
Sits centre, but if pillars are placed along a road, the middle of 
'Which forms the boundary, they should be alternately on either 
|aide of it. # 

I' After boundary lines have been laid out, their exact position 
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7 laif te Inore clearly defined by rows of trees, hedges, fences, 

/ walls, forest rides, or ditches. 

* Bows of trees are injurious to neighbouring fields by their 
.shade and the spread of their roots, Hedges are difficult to 
'keep iji order, and rarely answer their purpose in keeping out 
cattle along a lengthy forest boundary. Fences are expensive, 
but their use is sometimes unavoidable where browsing by 
game or grazing is to be feared. Details regarding fences are 
given in Schlich’s Sylviculture, Yol. II., 3rd edition, page 122. 

Walls may be erected whon stones can be collected on the 
spot, or where, on account of the sloping nature of the ground, 



Fig. 9 . Fig. 10. — Boundary-ditches. Fig. 11. Fig. 12. 


ditches are not practicable. Such walls should be 1 yard broad 
at the base and from a height of 18 inches should gradually 
taper off to the top. The stones should be placed with the 
thick end outside. 

- Forest boundary rules w well as boundary marks are neces- 
sary where two forests adjoin. Unless the ride is also to be 
hsed as a road, a breadth of 4 to 8 feet will suffice, 16 feet being 
$he least admissible breadth for a road, so that two carts may 
pass one another. Along boundary rides it may be advisable to 
out all stumps in order to prevent the growth of coppice- 
shoots, and the ground may be roughly levelled and drainea, 
even narrow bridges erected, so as to convert the ride into 
^ bridle-path to facilitate inspection. 

^.Bmda^dMes (Figs. 9 to 12) give a clearly cut line and 
prevent encroachment by ploughing or grazing when the forest 



ii boundary runs along a field or meadow. 
usually be dug except on very stony or steep ground ; they run 
either along the entire boundary line from point to point, or 





Fig. 11. —Template or mould-frame 
for ditch. 


Fig, 13.— Ditching- 
spades. 


are intermittent. In either case they should stop a few feet 
from the boundary marks. 

The earth dug out of the. ditches should he placed on the 
forest side of the ditch and a few feet from it (Fig. 9), or in 



Figa. 16 and 1 6. — Boundary -ditch serving as a drain, 

the case of intermittent ditches it may be placed between them 
Is shown in Fig. 12. 

Intermittent ditches (Figs. 11 and 12) are usual on sloping^ 
ground to prevent the formation of ravines. 

The section of the ditches depends on the uSttuire of fhe soilj 
but is generally 2— 2J feet wide at the top and 8-^10 Inched 



W&Wt BOUNDARIES. 


19 

at the bottom and the same depth. The boundary line may 
be the centre of the ditch, or one of its sides ; in the latter 
fease the ditch belongs to the proprietor on whose land the 
earth from it is thrown, which is generally towards the forest, 
Special kinds of spades are used for ditching, as shown in 
Fig. 13. 

A wooden model of the ditch-profile is also useful (Fig. 14), 
and is termed template or mould-frame. 

In case the ditches are also used as drains, care must be 
taken not to allow the boundary marks to be undermined. 
Thus the arrangement shown in Fig. 15 should be followed to 
protect the boundary marks from erosion, and not that shown 
in Fig. 16. 

4. Surrey of Boundaries. . 

The best survey is that carried out by the theodolite and a 
chain, or measuring staff, hut for preliminary work a less 
accurate instrument, such as the plane-table or prismatic 
compass, will suffice. From the survey a boundary fffep 
should he drawn up, the usual scale of such maps being 40 
or 50 inches to the mile in Germany. No larger scale than 
25 inches to the mile is usual for British woodlands. 

These maps should show : — 

*A11 boundary marks with their numbers. 

The course of the boundary lines. 

The names of adjoining properties, and the nature’ of 
their cultivation, or otherwise. 

5. Description oj Boundaries, 

lis should he prepared in a tabular form, and should show : 

Name of forest and of proprietor. 

Names of adjoining estates and of their proprietors. 

Current number and nature of boundary marks. 

Angle at each corner in degrees, minutes and seconds. 

Distance from one mark to the next, both horizontally am! 
along the surface of the ground. 

Direction of boundary line from mark to mark, with 
re%&flc$*either to that of the magnetic needle or true 
north. 

' ' i* 



Other remarks worth recording should *oe aaaea, sucn ^p 
crossing-points of streams, roads and rigbts-of-way,,Q^ 
reference to any permanent objects near the line, suclr 
as trigonometrical pillars, etc. 

6. Legalisation of Boundaries. 

It is desirable to cause the boundary map and description * 
to be recognised by the proper State authority, according to 
the law in force. The original documents should be deposited 
in the State Registry Office and certificated copies given to the 
owners of the two adjoining estates. 


7. Upkeep of Boundaries. 


Forest boundary lines and marks are liable to various injuries 
by men and animals, and by the weather. When once laid 
d^wn they must be maintained in good order ; the following 
measures being specially necessary 

(a) Periodic clearing of the boundary line, so that one mark 
may be visible from tho next. In case the boundary line be a 
road, bridle-path or ditch, repairs to these become necessary 
from time to time. Any vegetation that is removed should be 
shared between the adjacent owners. 

(b) Periodic irifpection of the lines by the forest officials,” 

to whose charge definite lengths of boundary should be allotted, 
according to their rank, and each official should from time, to, 
‘time submit reports to his superiors on the condition of the 
boundaries. ,! h 

(c) "Wherever woodlands border on agricultural land, the 
trees must not overshade the latter with their foliage, am:,: 
their roots grow into the fields. Drip from the branches 


should not go bdyond the actual boundary line, and a spao^ 
should be kept free from woody growth, the actual breadth of] 
•which varies according to local law. As a rule, the neighbo^f 
can lop an overhanging tree only if the owner of the woodland 
has neglected to do so ; the loppings belong to the lattefl 
" Intrusive roots may usually be cut by the neighbour, 
books should be consulted on this question. ' ^ 



||p;immediate repair of all defects in the marks, repainting 
iading numbers, etc*- before any point becomes doubtful. 
Uarks which may have been removed can he replaced only 
?with the consent of both owners or by order of a Court of Law. 
Any uncertainty about the position of forest boundary marks? 
.that are also boundary marks of adjoining States, gives rise to 
( much difficulty. 

(«) Immediate report of all tampering with established - 
boundaries and prosecution of tho offenders. 


8. Coat. 

The cost of erecting and maintaining forest boundaries 
should be divided between the adjacent owners, unless there is 
any legal provision to tho contrary. 

These costs vary so much according to circumstances, that 
it is difficult to lay down any general estimates ; the following 
figures may he considered approximate. One man can erect 
in one day an earth boundary mound 4 to 5 feet in diameter 
and 3 to 4 feet high, and can sod about 3 to G such mounds, 
and repair from G to 3 of them. 

Hewn limestone boundary stones cost 2 to 3 shillings 
;each, and 20 such stones can he carted by two horses. Iron 
boundary posts cost from Is. Cxi. to 2s. Cxi. e|ch. 

> In loam, a man can dig in one day 30 to 40 yards of boundary 
%ench, 10 inches wide at the base, and of the same depth. In 
flight soils, the labour is from 10 to 15 per cent, heavier. 

|k' Boundary works are generally done by contract, and on the 
^pontinent of Europe repairs to forest ditches are frequently 
flouted by petty offenders in lieu of fines. 

9 . Improvement of Boundaries. 

E tage should be taken of every opportunity to consoli* 
st property and thereby to improve its boundaries, 
be done by purchase, disposal or exchange of land, 
at off inconvenient corners or narrow strips, to alienate 
pi&6s,*or to acquire enclosures belonging to other 
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IjS . " 

Some of the advantages of consolidation are : 

(a) Greater facility for keeping the boundary line in order, 
md at a reduced cost. 

(b) Saving in protection expenses, in work of staff, and less 
lability to cases of misappropriation and damage by outsiders, 
specially in the case of danger from fire. 

(c) Increase in the productiveness of the forest. Fewer 
oads are required ; damage is reduced, whether it iB caused 
o the forest by frost, storms, etc., or to adjoining farm-land, 
>y overhanging trees or by game sheltering in the forest. 
Jmall private estates enclosed in a forest frequently encourage 
caching, or unfair destruction of game. • 



Fig. 17.— Head of Stoke Park Rod Deer from Mr. Rowland Ward’s “ Records of 
Big Giuhc.’’ ■), 




CHAPTER Jl. 

PROTECTION OF THE FOREST AGAINST IRREGU- 
LARITIES IN THE i/tILISATION OF FOREST 

PRODUCE. 

Section I.— Principal Produck. 

1. General Account of Damage done. 4 

Tub standing-crop or soil of a forest may be endangered 
during fellings and in the conversion and transport of timber 
in the following ways : -By overfelling, had felling, careless 
.conversion or had stacking of timber and firewood, and 
Careless transport. 

The methods for fixing the annual yield of a forest are 
explained under Fornt Management, and how timber should 
be felled and converted, under boreal V tilmt ion ; here, only 
the preventive measures necessary to obviate irregularities 
will be considered. 

Irregularities of wood-cutters, cartmcn, etc., may he dealt 
with, either by regulations made by the forest owner, or by 
the forest laws of the country. 

In a general way, it should be noted that some damage 
must be done during fellings, conversion and transport, and it 
is only by experience that a forester learns how much damage 
;j g unavoidable. Too stringent conditions should not be 
enforced on woodcutters or timber pur chasers. 

2. Overfelling. 

All forest operations must be carefully watched, and their 
insults recorded, so that only the fixed yield prescribed by the 
pforking-plah is cut annually. At the same time, at least m 
private forests, it may be advisable to cut more than the fixed 
ifield in e*afcons when the price of timber is exceptionally high, 
Ij fod reduce the fellings when it is low. 



P^^totaepwiiin the iinuts of the^xed'anmi*}'':^^ 
Itees ‘to be felled should be properly marked in' accordance! 
iwith administrative rules, and after the fellings, the Btumps of,' 
^Jelled trees should be examined and counted in order to detect.' 
possible irregularities. In some cases, as in Coppice-with- 
Standards, the trees to be reserved are marked instead of 
those to be felled. The practice in France of marking such 
trees by cutting off a portion of the bark and stamping on 4 
them with a steel hammer may give rise to attacks of fungi 
and defects in the wood at the base of the tree. 

In the case of large felling-areas, it may be necessary to 
employ an ptra forest guard, in addition to the guard of the 
beat, to supervise the woodmen, and when trees are sold 
standing, the purchaser may be allowed to appoint a special 
guard with temporary police powers and a badge of office. 
This necessity for special supervision applies to all the suc- 
ceeding sections, referring both to the removal of principal^ 
and minor produce. 

3. Bad Felling. 

Measures for -the prevention of mischief are 
(a) Employment of competent and trustworthy woodcutters, 
and careful instruction in, and supervision of, their work. It 
is generally advisable to employ the same men year after year, 
and withdraw from the gang all those who fell badly, also to 
encourage the best men by instruction and higher wages. 
The best available implements should be used. 

{b) Only such trees should be felled, as are so designated 
by the manager of the forest. Should any other tree be 
accidentally thrown, owing to a falling tree coming against it, 
ia neighbouring tree of similar dimensions and species should 
left to replace it. 

Trees' should be uprooted, whenever this is possiW** 
felling so conducted as to. facilitate the transport of the 

fiimber, . ^ 

P, (d) Cessation of the work during unfavourable seasons os 
Itfeatber ; for instance, when tbe trees are in sap. except whe^ 



pfflg seasbns of hard frost, when the steins may he broken, 
^ daring strong winds, when the direction of the fall of the 
trees is uncertain. In northern India, fellings, are frequently 
Stopped during the hot dry months of May ami June, from 
fear of forest fires which may be caused by the workmen. 

(e) Avoidance of damage to seedbearing trees in regenera- 
tion fellings, and to standard#. 

(/) Throwing trees on to bare spots and not amongst young 


growth. 

(ff) Removal of branches and crowns of trees before felling, 
to prevent the trees from crushing valuable undergiowtb. 

(/<) Preservation of young growth during the removal of 
stumps, and putting earth into holos thus caused to prevent 
their being filled with water. 

(/,) Careful felling of coppice with sharp instruments and 
with a clean and sloping cut.. 

(j) Leaving stools on stoop slopes where erosion is to be 
feared, and also on shifting sands. 

(k) Avoidance of throwing felled trees on to rocks, stones or 
other steins ; felling uphill or sideways so that there may be 
a minimum of breakage. 

(/) Tropical woody climbers should bo cut two years before 
a felling is to take place; as otherwise they bind trees 
together, and the fall of any tree may involve that of a group 
of surrounding ones. The softwooded climbers rot in about 
two years’ time. 

, ( w j) Trees are sometimes, as in the case of teak in Burma, 
girdled two or three years before being felled, so that the wood 
may dry and lose weight, and become floatable. Care must 
■be taken that this is not done to trees liable after girdling to 
he bored by insects. 

f 

4. Careless Conversion. 

8 ?” . 

pit Here may be mentioned » 
£ (a) Quick conversion and removal of felled trees, especially 
the case of natural regeneration and of coppice; protection 
jif young growth in both cases. 

Ipfl#) the saw instead of the axe in order to prevent waste, 
Mlj J '’Qii^k removal of bark to prevent insect-attacks. 
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(d) Repairs of any damage done to young plants, whiefi, l! 
if broadleaved species, may, when injured, be cut back dose . 
io the ground so as to get a strong regrowth. Otherwise, 
•eplanting must be effected with strong transplants after the 
telling-area has been cleared. 

• 5 . Bad Stacking of Timber and Firewood. 

Employ specially trained men for stacking firewood, as 
)rdinary woodcutters generally stack loosely. 

Stacking should be done on blanks, or along the edges of 
telling-areas, on roadsides, etc. The stacks should not lean 
igainst trees. 

Withes for binding faggots should be cut from suppressed 
stems, or taken from cleanings or special plantations. 

6. Carelm Transport of Timber and Firewood. 

Attend to the timely construction and repairs of the neces- 
sary roads, slides, etc., which 'should be ready when the 
fellings commence. This is specially requisite in mountain 
Eorests. 

Remove material from the felling-area at favourable seasons, 
when snow is on the ground ; not In hard frosts, nor when the 
trees are in sap and the bark of standing trees is easily abraded 
by the wheels of the carts, etc. 

Ayoid damaging methods, such as rolling, etc., among young , 
growth. Use the best methods of transport : slides, tramways, 
Btc. Make good roads. 

Fix a period during which the material must be removed, 
say from November -of one year to the end of winter in the 
next, so that the ground may be cleared in time for the spring- 
growth of the second year. At the end of this period, all 
injured broadleaved plants should be cut back, blanks planted 
and all ruts on temporary cart-tracks filled in. » 

1 Certain rules should be made for the protection of roads and 
^tber means of transport. For instance, new roads should 
not be used until the earth has settled, and jfchey have, I! 
possible, been macadamised. Notices closing roteds under; 
Instruction or repair should be posted up, and bars 
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across such roads. Dragging along ordinary roads should be 
disallowed. 

All transport should be carefully supervised, if necessary, by 
extra forest guards. 

Section II.— Irregularities in utilising Minor Forest 
Produce. 4 

1 . General Account of Damage done. 

Whenever the minor produce is less important than the 
principal produce of a forest, it should he harvested in such a 
way as not to endanger or diminish the supply of the latter. 
The following are the chief items of minor forest produce : — 
Bark, turpentine , reft in and gums , lea res, fruit* of forest trees, 
dead branch-wood, grass and herbage, litter, stones, grace! , sand 
and earth, peat, forest cultivation of cereals, berries, edible fungi, 
game, fish, wild honey and war, etc,, etc. 

2. Bark, 

Bark is chiefly used for tanning, or for dyes, but the bark 
of certain species, such as the paper-n ml berry ( Broussonetia 
papyrifera ), may be made into paper-pulp, or, as in the case 
of Bcinla Bhojpatra in India, into hats and umbrellas. The 
inner bark of the lime and of many tropical trees is used for 
rope-making or mats. 

In the case of oak-bark used for tanning, the following rules 
should be observed * 

{a) Secure a clean and slanting cut of the stems in order to 
protect the stoSls against moisture, and produce good coppice 
shoots. 

(b) Prevent any tearing of bark from the stool, by making a 
clean cut round the shoot near the ground before the bark is 
peeled from standing poles. t 

: (c) Avoid beating the bark in peeling, as this causes loss of, 
tannin. \j 

1; (d) Mnojg peeled stems expeditiously, so that thq new, 
•shoots may harden before early frosts occur. 

Carefully stack and quickly dry the bark, so as to avoid 



loss o i tannin by rain, anil ensure rapid clearance" of P 
felling-area. 

f Wherever bark is used for any of the other purposes abov$ 
referred to, similar rules, modified for the species in question, 
Should be observed. 

3*. Turpentine , Resin and Gums. 

r The present chief sources of the supply of turpentine ana 
resin are the pitch pine (P.pdlustris, Mill.) and other pine-trees 
in the Southern States of North America, and the cluster pine 
( Firm Pinaster, Aitm.) forests in the west of France. Tappings 
for turpentine and resin on a moderate scale have, however, been 
started in the forests of the long-needled pine of the Himalayas 
(P. Ion rj [folia, lloxb.). Some turpentine is still obtained from 
the spruce in Germany and the north of Europe, but as this tree 
only yields it in small quantities and the process of tapping it 
is extremely injurious to spruce timber, its tapping should be 
absolutely prohibited. 

, The following remarks, therefore, apply only to specieB of 
pine which yield turpentine abundantly, and to the extraction 
|^f gums and caoutchouc from several species of trees in hot 
Countries. • 

(a) Lessees of turpentine or gum should be held pecuniarily 
Responsible for all damage done in forests by their workmen. 

; (b) Tapping should generally be confined either to trees 
iike the Ficus elmtica, Blume., that are hardly of any value except 
lor the gum they yield, or to trees too remote from queans 
$jf transport for their timber to be of any marketable value 
compared with the value of the turpentine or gum which 
$nay be extracted from them. In other cased? it should be 
|onfmed to trees which will be felled for timber within a 
Period of from ten to twenty years, as when young trees are 
ipped no considerable increment of growth may be expected, 
fer the same reason the best shaped and most promising treeB 
jhould not be tapped, \ i 

ife seeding-fellings, a certain number of the seed-bearers 
ihould remain untapped, as tapping is prejudicial^ to dboth thO- 
pfcntity and quality of the # seed. In the cluster pin# forests* 
if ih* Landes, in France, regeneration is effected bv seed. 





from Untapped woods adjoining the felling-area on which all 
trees are tapped. 

(c) Rules regarding the size and number of cuts and the 
depth of cut to be made in each tree will vary with the species, 
and are given in detail in Yol. V. on Forest Utilisation. In 
tapping pines for resin, there should not be more than two 
points of attack, unless it is intended to kill the tree, when 
as many as six may be opened. There should be from 8 to 12 
inches between each cut, and the cuts should not be more than 
2 inches broad and in one year only about 11 feet long. 

- (d) Tapping must be intermittent, so as to allow recovery 
of the trees before a fresh tapping is allowed, unless it is 
intended to tap the tree to death before felling it. The 
interval between successive tappings will of course vary with 
the species in question. In Europe, all tapping should cease 
with the first early frost in August or September, and not be 
resumed till the spring. 

(<?) Tapping should rarely be attempted on poor soils. 


4. Learn and Branches of Forest Trees. 

Leaves of forest trees are used tor fodder, manure , thatching , 
tanning, dyes, aid. Leaf-fodder is extensively used for cattle; 
in countries where sufficient grass is not available, as in the 
centre and south of France, where hedge-row oaks are 
annually pollarded for this purpose. A similar practice pre- 
vails in the Himalayan districts of India during winter, 
evergreen oaks, elms and species of Celiis, Primus, etc., being 
thus utilised. During the season of rest, leaves of evergreen 
trees are rich in reserve nutrient material, and afford valuable 
fodder. In seasons of drought in Central and Western 
Europe, as in 1893, leaf-fodder from hornbeam and other 
deciduous trees is also extensively used instead of grass. 

In the north of India, camels, buffaloes and elephants are 
ehiefiy fed on branches and leaves of trees during the cold 
and dry seasons. Oaks and other forest trees were formerly: 
extensively pollarded in European deer-forests to afford fodder; 
|or the deer,\hich ate the bark of these branches when the 
ground was covered with snow. 
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f 3 Wherever the use of leaf-fodder prevails, the important points 
to : to allow trees to be lopped only after the principal 
growth of the year is over ; to restrict lopping, as much as 
possible,, to inferior species of little or no value as timber 
trees, and to prevent the lopping of trees until they have 
attained a certain size. Wherever the restriction is practi- 
cable, only side-shoots should be lopped and the leaders 
spared, and the trees lopped only every third year. In 
timber forests, lopping should, if possible, be restricted to 
compartments which will shortly be cut over. 

Where the demands for leaf-fodder are large and cannol 
otherwise be met, a regular system of pollarding should be 
introduced, with a fixed rotation, the length of which will be 
decided by local experience. 

In India and other hot countries, the foliage of woodj 
climbers may be used for leaf-fodder to the actual benefit 
of the forests. In certain parts of India, green branches and 
leaves of trees are used to manure the rice-lields, under the 
term of rah ; this subject will he referred to again under iht 
heading Forest Servitudes. In hot countries, leaves of various 
forest species are used for tanning, dyes, drugs, hat- and 
umbrella-making, plates, and for feeding silkworms. Th< 
last is a very important and valuable industry, and the trees 
utilised are generally of much less value for timber than foi 
their leaves, and therefore rules should be made which wil 
afford the greatest possible quantity of leaves at the tim< 
3 required, and in a way most easily accessible to the sill 
producers. Thus pure coppice is adopted with very shor 
rotations, even of one year in the case of the mulberry ii 
Bengal. As regards the other demands for leaves, fores 
- officers would do well not to be pedantic in stopping industriei 
dependent on their forests, which can be supplied withou 
serious injury to the trees by the exercise of a little ingenuit; 
. and suitable control 

5, Fruits of Forest Trees. 

« 

Fruits of forest trees are collected for sowing, for, the few 
4 men or animals ; for extracting oil, dyes, tannin, etc. : o; 



>ANNAGk SI 

tiley may be eaten on the ground in the forest by swine 
(pannage), or by deer. The rales for the protection of the 
forest are as follows 

A. Collection by Hand. 

Where regeneration by seed is expected, or where swine or 
deer are to be fed in a forest, fruits should not be collected 
for other purposes. Acorns when eaten in large quantities 
are poisonous to young cattle. Beasts over three years old are 
seldom thus affected. Hence, the collection of acorns in 
forests open to pasture is most beneficial, and, they may be 
used advantageously for feeding domestic pigs. 

- Forest guards must watch most assiduously during the 
fruit-collecting season. 

All injuries to the trees during the collection of the see^ 
must be strictly forbidden. Those are: boating trees with 
axes; dragging down fruit-laden branches; use of climbing- 
irons, etc. The bad effects of the latter .on the quality of the 
wood may be seen from Fig. 18, etfch wound made by the iron 
introducing decay into the timber. Smooth -barked species 
such as beech and Weymouth pine suffer most in this way ; 
so does the sweet chestnut. 

The work must be stopped during frost, when the branches 
are easily broken. 

B. Pannage. 

Pannage , or the feeding of swine on the mast of a forest, 
consisting of fallen acorns, beech-nuts, chestnuts, etc., was 
formerly a very important industry, but is now becoming less 
frequent in the forests of Europe. It still prevails in the New 
Forest, where about 5,000 pigs are turned into the woods in 
good mast-years, from the 14th Sept, to the 8th Nov. 

Swine damage forests in the following ways 

{a) Eating-up mast in seeding-fellings. 

(b) Uprooting young plants, breaking off weak steids, 
abrading the bark off poles, and exposing* and gnawing roots 
of valuably forest species. All these injuries are chiefly felt 
in natural rdjhneration- fellings, and in thinnings in young 
yroods, on loose sandy or shallow soils, on steep slopes, etc. 





p, Btoe^ate useful to forests in the preparation of iU 
for seed, by removing the covering' of dead leaves am 
posing the mineral soil, and by burying acorns and - 
fruits i iiso by trampling dead leaves into the soil, whi 
of importance in places exposed to winds, and by destr< 
mice and certain insects hibernating or moving in 
soil-covering. 



Fig. 18. ---Section of a Scots pine iujured by climbing-irons. 

(a) Points of injury. 

( b ) Concave annual rings of wood occluding wounds. 

(c) Brown-coloured wood below tbe wounds, showing consequent decay 

The protective rules for pannage are 
{a) Exclusion from the following places: Seeding-fell 
except when seed is very abundant; dry loose soils in 
dase of swine driven in to feed exclusively on fungi, wc 
insects, etc. ; places where the mast is reserved for dei 
wild pigs, 

*(b) Compartments opened for pannage should as neari 
possible adjoin one another, so that the swine may 
wander uselessly through the forest. They should m 
Allowed to remain long in compartments without- mas 
|hey then proceed to bark the trees. 
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||||^ (c) The place where the swine pass the night should be 
^carefully selected. In such places scarcely a root escapes 
V injury. 

y (d) The number of swine to be allowed in a forest must 
depend on the quantity of mast available. Each full-grown 
;; animal requires from two-and-a-half to seven-and-a-half 
^ acres of forest. 

(e) Limitation of pannago to the period of the year from 
the middle of October till the end of January. It should not 
commence till sufficient mast has fallen, as otherwise the 
swine become thin from much wandering about, are not 
■«" easily kept together, and do much mischief. On tho other 
hand, it must coase when the mast is no longer sufficiently 
plentiful, and it is in the spring that the greatest damage is 
done by peeling the hark and roots. During the aftennast , 
after Christmas, the acorns become more digestible, and are 
specially suitable for breeding-animals. 

(/) The admission of swine into a forest should be granted 
only on condition that they are perfectly healthy, and guarded 
by trustworthy swineherds ; two hundred swine for each man, 
and an assistant for every hundred additional swine. 

(</) The owners of the swine should be made collectively 
responsible for all damage which may bo done to the forest. 
In Epping Forest all swine admitted to pannage are ringed. 


6. Grass and Heritage. 

Grass and herbage, dry ferns, heather, etc., may either he 
cut and removed from the forest and used for fodder or litter 
jfor cattle, or, with the exception of the ferns, may he utilised 
$n the spot as pasture by grazing animals. 


A. Grass-cutting. 

J|kas8 and herbage may be cut for fodder, or to form 
^hatching m&teifd, paper-pulp, etc. Dead ferns, especially 
bracken, are largely used for litter, and heather for litter or 



Action 'jftmtiFWm 


^'The protective rules are . , n 
'' (1) Limitation to persons who have obtained a formal 
permit from the forest manager, and, as a general rule, on 
certain fixed days, when the forest guards can supervise the 
cutting. 

When a number of people are together cutting herbage in 
the forest, they should be held collectively responsible for any 
damage which may be done. 

(2) Restriction of cutting to places with a moist fertile soil, 
which can bear the removal of the mineral constituents of 
the grass, etc. In such places, planting in lines between 
which grass can easily be cut is more suitable than natural 
regeneration. In some cases, heather and broom protect 
young plants from frost and insolation and should be left 
intact. High grass, on the contrary, as will be seen further 
on, greatly increases radiation, the intensity of frost and the 
drying-up of the soil by the sun, so that it is frequently more 
advantageous to have it removed. Its removal also furnishes 
additional security against forest fires. 

(3) The use of scythes should not be permitted amongst 
young growth, where grass should be cut with sickles or 
pulled up by hand. In India, a flat cutting-instrument called 
a khurpa is frequently used by grass-cutters to scrape out the 
rhizomes of the grass, which are highly nutritious; this 
practice should not be allowed in forests. Scythes may be 
'used in older plantations, but on tlie condition of leaving a 
narrow zone of grass round each plant. On rides, extensive 
blanks, road-sides, etc., there need be no restriction as regards 
the instruments used for grass-cutting. 

(4) In hot countries, grass which springs up after forests 
have been burned furnishes better thatch or paper-material 
than when cut from unburned forest containing much dead 
4nd decayed grass, dead leaves, etc. Hence, in forests under 
$re protection, grass can be used with advantage oul| 
irom off roads, fire- traces or blanks which are cut eterj 

%***' • ’ : "J 


‘f (5) Grass-cutting must be carefully suptwyisdd by Ion 
guards, and offenders against the rules 
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B. Forest Pasture * 

(1) General Account, 


Forest pasture, except in mountainous districts, where the 
• area of cultivable land is very limited, is no longer so impor- 
tant as was formerly the case ; cultivators object to their cattle 
‘ becoming thin and wiry in roaming about the forests, to their 
cows yielding less milk than when kept at home, to the loss of 
valuable manure, and to the increased danger from disease. 

In backward countries, however, forest pasture is still pre- 
valent, and it is therefore necessary to draw up rules for its 
exercise with the least possible amount of injury to forests, 
as, when unrestricted, it is incompatible with the existence of 
forests. To a certain extent, however, some good may be 
done to forests by cattle, by keeping down a rank growth of 
grass and herbage, which interferes with reproduction, and 
by breaking through and scattering the dense layer of needles 
in coniferous forests, and thus exposing the mineral soil for. the 
rooting of seedlings. Browsing on advance-growth of subsidiary 
species or softwoods, which it is desirable to keep in check in 
favour of more valuable species, may also be sometimes 
useful. \ 

The damage done to forests by the grazing and browsing of 
domestic animals extends to the soil, especially on slopes, and 
standing-crop ; to the roads and other means of communication* 
and the boundaries, ditches, fences, etc. 

The soil of a forest suffers chemically, becoming impoverished"; 
an potash, phosphorus, and nitrogen by the removal of the 


grass; and physically, becoming hardened owing to the 
-tread of the grazing animals, and the consequent insufficient 
deration of the humus in process of formation. The dung' 
j>left by the animals on the ground is a quite inadequate com- 1 
j^ensation for the reduction in fertility of the soil consequent 
|f® their admission to the forest. The woods are injured ih 

Ip-'Mundefihftgen, ,J. C., •* Die Waldweide u. Waldstreu.” Tubingen, 1 830. 
|4tlB “Forest Utilisation,” p. 137, Fernandez, states that goats aie useful to 
^ 8nem ^° U *** '"“ST ^ ent ‘‘ a ara ^ita (bnbt/J) forests. When the pods aye 
dj&S^da BWtulowed by., the goats and excreted germinate without delays 
require at least a whole year tu sprout, during which they at$| 
^^ .to^uction, chiefly by insects. ■ M 
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lie following ways : by the animals browsing on young plants ; 
Jriting-off buds, leaves, and shoots ; breaking-off coppice-shoots 
and gnawing the bark of trees ; trampling on, bending down 
and breaking young growth ; ^exposing and destroying roots, 
etc. Tbe damage done by biting the plants is twofold ; thej 
lose organs that arc necessary for their nourishment, while tli€ 
normal development of their stems and branches is prevented 
Both forms of injury occur chiefly in their youth, unti 
their leading shoots have grown beyond the reach of th( 
animals. 

Roads, ditches, slopes, hedges, and fences, are especially 
liable to injury by grazing animals. 

The extent of the damage done by grazing depends on i 
number of factors. Among the chief of these are -.—Specie 
of tree, age of tree; system of management, nature of locality 
density of crop, species of grazing animal, number of animals 
season of the year, state of the weather. The amount c 
damage varies greatly according to circumstances. Hundes 
hagen* estimates the ordinary loss of increment duo to cattle 
grazing at one-tenth. In Carinthia it has been observed tha 
goats in 15- to 85-years-old spruce, Scotch pines and hornbeam 
t prevent almost any growth from taking place. 

(2) According to Species of Tree. 

Broadleaved species are more exposed than conifers, bi 
ecover more readily from browsing than the latter. Mo 
ixposed to damage are : ash, maples, hornbeam, beech. Ne. 
,o them : lime, sallow, and, poplars. Less still : oaks, elm 
Pyrus sp. Least of all : birch, alder, horse-chestnut ar 

robinia. . 

Of conifers, the silver-fir suffers most, then larch, tl 

different species of pine and the spruce. If the spru 
appears to suffer more than pines, this is due to its abundan 
in mountain regions, where there is most forest pasture. 

The above scale is drawn up chiefly as /egards horn 
cattle, but if we consider the preferences,, shofon by otb 

* w Encyclopedic tier Forstwissensebaft ” I. Foretlicbe Prodtt<lfebalebr« 
Aufi Tttbingcn, 1835. p, 512. ' 
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grazing animals, it Bhould l>e noted, that: — horses prefer oak- 
foliage and avoid that of the lime ; sheep appear to prefer 
light-demanding species, even th^ birch and Beats pine; 
young lambs, the leaves of robinia ; goats are not particular, 
and even browse on the poisonous yew without injury, in 
India, however, they succumb to the foliage of Rhododendron 
campanulatum. 

Another peculiarity of horned cattle is to profor plants intro- 
duced into pure woods, such as ash or hornbeam in beech 
forests, or exotics planted among native woods. 

The vegetable monstrosities resulting from browsing are 
very striking to the eye ; rounded hushes, which sometimes 
broaden out till some leading shoots in their centre escape and 
grow into trees, are frequent eyesores wherever forest pasture 
is practised. 

Shallow-rooted plants such as the spruce, in spring, suffer 
most from the tread of the animals. 


(8) Age of Trees. 

Young plants suffer most. In older woods, without under- 
growth, the chief injury is done by the hardening of the soil 
owing to the tread of the animals. The trees suffer from 
browsing until the foliage is beyond the reach of the animals, 
and the age at which this happens depends on the rate of 
growth, the conditions of tho locality and the kind of animal. 


(4) System of Management. 


In the case of the Selection system, grazing is most dangerous ; , 
then come in descending order of danger: Group system,: 
jCoppk&with* Standards, Copjnce,, Sheltencnod Compartment; 
and Clear-cutting systems. Pollarding is the most favourable, 
system to adopt on land open to grazing, as young pollard- , 
Shoots are out of the reach of the cattle; pollards are 
■regenerated by planting taller transplants, or cuttings, than 


m other systems, and the plants should at first be securely’ 1 
^fenced against cattle, which might injure them by rubbing 
|agaiiis^ them, nr gnawing their bark. The uneven-aged 
High Forest, such as the Selection and Gronj| 



p^lfsuffer most of all, as "in the former, young growth is* 
scattered all over the forest, and in the latter, it is scattered 
^rjt patches over very larga^areas. If grazing be allowed under 
the Selection system, regeneration can usually be effected only 
by fencing-in patches of ground where large trees have been 
Jelled, arid planting them with strong transplants, which will be 
out of the reach of the cattle by the time the fences are no 
longer effectual. 

Coppice- with-Btandards suffers more than pure coppice, on 
accotmt of the necessity for preserving numerous seedling 
plants, both natural and transplanted, to replace the standards 
eb they are felled. Coppice stiilers more than even-aged High 
Forest, because stool-slioots branch out lower, and are less 
firmly rooted than High Forest poles; in the even-aged 
/systems of High Forest all pole-woods can be opened to 
cattle without much danger. In regular plantations, damage 
; done by grazing is less than in irregular artificial, or natural 
Reproduction, and planting in lines somewhat far apart in one 
direction is most favourable, as the cattle can readily graze 
between the rows. It has also been observed in grazed foresti 
in hill-tracts, that mound-planting gives better results thar 
pit-planting. 

[ Gayer holds an opinion differing from that of Hess regardinj 
the comparative immunity of Selection Forest and even-age< 
'High Forest from grazing. He maintains, that even-agei 
densely stocked woods are destitute of herbage, which is foum 
Jbnly on the reproduction areas closed against cattle.^ It 
^matter of everyday experience that no amount of care I 
fencing will always protect such areas. In a Selection Fores 1 
/pot only is far more fodder produced, but damage by cattle i 
Hess concentrated than in even-aged woods* 

(5) Locality. 

: *On moist and fertile soil, the damage done by grazing i$ 
piinimised, because a strong growth of herbage generally 
springs up on such localities, and the cattle ha% less inclma- 
ijon to attack woody growth ; moreover the trees grow faster^ 

f/w„. . * Yidt p. 527, Voi V. of this manual. 



^ 1 ^ A ‘*? ’ !°, f , - i ,- . i> ■ ■ ,, .^..'t 

Snd & sSner out of their reach. Binding ov heavy soil 
becomes all the more compact by the tread of the animals, 
and less susceptible to the entrance pf air and water, and the 
roots lying immediately below the soil-covering are exposed 
to damage. Very loose soil becomes still looser from the 
tread of cattle, as they destroy the herbage which binds the 
soil together. The greatest damage by grazing animals is on 
shifting sands. 

On level ground, damage is less than among bills, where it 
is increased if the soil he loose, or the slopes steep ; very wet 
slopes are also endangered by the sliding of the feet of the 
tattle. The steeper a slope, up to a certain point, the more 
erosion is caused ; larger plants are also reached by cattle 
from above, on slopes, than on lovel ground, and the damage 
by browsing, bending and breaking is greater. 

Scantily wooded, dry, hot aspects are obviously unsuited for 
grazing. 

(6) Density of Foreign drou th. 

In dense woods, little or no grass is to be fouujj, so that 
more damage is done to woody growth than in more open 
forests, where herbage grows under the trees. 

(7) Species of (hazing Animal. 

; Among European animals, goats show the greatest prefer 
?en<|g for woody plants, and their mode of feeding is mo# 
^Injurious. They even, devour woody plants when there ii 
: plenty of herbage available, and beat down saplings with tbeii 
‘forelegs till they can reach the leading shoots, on which the; 
^browse; they can thus reach plants 12 feet in height. The; 
[also peel the bark from stems in spring. Their constan 
^‘movement on the steepest slopes is another great source o 
^damage. To take some of many instances of the destructigi 
|qf forests by goats In the Tyrol and Southern Switzerland 

E d m the Himalayas, fine forests have been completely 
afcroyed by ^jgm, and in Ajmere and Menvara, whole hill 
lea where vegetation once nourished have been laid almos 



f ranee, since 1665, goats have been excluded from af ffiesls 
paanaged by the State Forest Department, and no legal right 
ean be enforced to graze goats in private forests, as the 
grazing of these animals is considered incompatible with the 
maintenance of underwood. 

The sheep is less injurious than the goat, holding its head 
low, and preferring grass, but sheep browse freely on woody 
plants, and injure forest soil and the roots of shallow-rooted 
species by their short tread and sharp feet. 

Horned cattle generally confine themselves to grass and 
herbage, and attack woody plants only in the absence or 
scarcity of the former. The buffalo in India is frequently fed 
during the cold season on loppings of evergreen or winter- 
green trees. Cattle do much injury to forest soil, slopes, roads, 
and ditches owing to their weight and size, and also break 
flown seedlings and saplings ; these injuries are aggravated in 
the case of the buffalo, which is a heavier animal than common 
cattle. Oxen are more destructive than cows, and young beasts 
are worse than older ones, as they gnaw woody growth, partly 
out of pure mischief and partly to develop the formation of 
their teeth, and are much more active. 

, Horses can reach higher, and are fonder of leaf-fodder than 
cattle, and do much damage to roots by their tread. Foals 
occasionally peel the bark from trees. I have seen a clump 
of old beech trees in ‘Cambridgeshire killed by the trampling 
of horses, which sheltered there in the heat of the day. The 
trees had originally been fenced, but when the fence had been 
broken the trees were soon killed. # 

Camels eat almost everything that growB within their reach, 
to a considerable height, and can feed readily on thorny species 
bwing to their hard mouths. Much damage has been done to 
forest growth by camels in Northern and Central India and 
in Central Asia. 

Elephants are fed chiefly by loppings fron^ species of Ficus 
and qtlier trees, as well as on grass and herbage, but the 1 
immber of tame elephants admitted to a forest is limited, and 
their browsing can be easily controlled. Wild* elephants are, 
very destructive in bamboo forests, and also hark trees with : 
their tusks. 
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The relative damage done to forests by European grazing 
animals has been estimated as follows by Ilundoshagen : — 


Horse’s foal 

. 150 

Horse 

. 100 

Young cattle 

. 75 

Old cattle . 

. 50 

Goat .... 

. ' 25 

Sheep 

. 15 


This list is drawn up on tho understanding that the animals 
are freely grazing in forests where the crowns of the trees 
have grown beyond their reach. The fact that the goat is 
only estimated to do a quarter the damage of the horse does 
not controvert the former statement <>£ its being relatively to 
its size the most harmful beast, for its weight is only about 
l-14th of that of the horse. 


(8) Number of Cattle admitted to the Forest. 

The number of cattle admitted to graze in a forest must be 
regulated by the species and amount of herbage available ; it, 
should be so fixed that the latter is sufficient to nourish the , 
cattle, or else they are certain to attack the trees. 

Ilundoshagen lias calculated for the complete nourishment 
of large milch cattle for the whole summer, night and day, , 
that 10 to 12 i acres of good pasture is required ; for merely ' 
grazing by day, 2J— -f> acres, and he reckons 2 to 3 young 
cattle or 10 sheep as equivalent to one head of full-grown 
cattle. He estimates for their daily requirements, 18—20 lbs, 
of hay for a cow weighing four hundredweight, 10 to 12J lbs. 
per head of young cattle, and 1J — 2 lbs. for a sheep. In 
Switzerland, one cow is usually reckoned to eat as much as 
seven sheep. 

(9) Season of the Year. .. 

; In Europe the greatest amount of damage is done to forests 
fey grazing in the spring, when the young leaves and shoots 
|re most tempting and the herbage scanty. The strong * 
appetite and restlessness of the beasts after the long winter^ 
pilling has also to be considered. The least damage is done^ 



ffthe autumn, but as the grass at that season is barn anal 
phnutritious, forest-pasture is chiefly used when the herbage - 
if best and most plentiful, from the end of May till the middle, 

jlln the plains and lower hills of extra-tropical India, forest ' 
grazing is chiefly confined to the cold and dry seasons, but 
varies with localities. 

\ In the Himalayas, grazing is carried on in the upper forests ,; 
from 8,000 to 10,000 feet above sea-level, between May and 
September, the animals coming down in the cold season below 
the snow-level. 

(10) State of the Weather. 

During very dry or very wet weather, or in the morning, 
while heavy dew is on the ground, cattle* prefer the leaves of 
trees to herbage. The damage done to the roots of trees by 
the tread of cattle is also greatest in wet weather. 

• (11) Other Considerations , 

. Milch cattle require the best grazing grounds, and those 
nearest to the villages ; then come young cattle. Beasts of 
draught can go further and put up with inferior pasture. 
Sheep can be pastured in places that are more remote from 
$he farmsteads than those used for cattle pasture. 

Horned cattle and especially buffaloes like moist pastures, 
and the latter will eat very coarse herbage. Horses prefer' 
short grass on old roads to that grown on loose forest soil. 
Sheep prefer even drier herbage, in elevated lands exposed to 
full light, such as heather-land, and are very liable to disease 
if fed on moister lands. 

I Horned cattle will not graze readily after sheep, and attack 
Jwoody growth in preference to grass where sheep have been- 

4 .. v , 

Cattle accustomed from their youth to forest grazing d$ 
l$pre damage than others which seldom come into the forest;? 
:|iess damage is done when the herds are kept well together^ 
|md this is most difficult to secure in the caste of goats an| 
^easiest with sheep. v 

When one considers all the various circumstan^sj 
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^plmefamage done by grazing, it is not surprising that 
practical foresters should differ greatly in their estimates of 
pts amount in different cases. Whilst a forester having cop- 
cjplce-with-standards to deal with may consider fcho amount of 
plamage done as very considerable, another in charge of spruce 
tforesfc under the clear-cutting system may look upon it as 
quite trifling. 

!/, It is, however, clear from the experience of grazing in 
so many mountain forests in the Harz, Black Forest, etc,, 
'-where thousands of head of cattle have grazed for centuries, 
and the forests are still flourishing, that well-regulated forest 
grazing may be admitted wherever its necessity for the welfare 
of the people is very prising ; a great resource in times of 
drought may also he secured to the people by opening portions 
of State and other forests for pasture at such seasons. 

Under certain circumstances, where tho ground under a 
" seeding-felling is covered with tall herbage, or a dense mass 
Of dead leaves and moss, temporary driving-in of cattle may 
prove useful, and also in the case of a plague of mice, or of 
insects, when their lame or pupa are on tho ground. 


'j (12) ]* rot retire Measures. 

y The regulation of forest pasture may he considered under 
4 the headings close-time, arrangement of grazing areas, season v 
^for grazing, species of animal, iiutnlier of animals, control and 
{protective s£aff. 


Close-time is the period during which a wood should not be - 
I’Opened to grazing. It commences with the regeneration of 
gfae wood, and terminates when the young trees can no longer ' 
|be reached by the animals, in the pole stage. The length of 
|the close-time depends on the species of tree, the system of 
Kap,agemell^the circumstances of the locality, and the kin^L 
Iff grazing animal, , | 

IjBroadleaved species, especially slow-growjng ones, require v 
Kttgcr close- tiigy than conifers ; high forests, a longer close- | 
moe tbau^ppice. In the case of mixed woods, the length J 
KlhilMdKme willvdeneiid on the most endangered sneciea.t 



Un poor soil, in exposed places, longer close-periods Ar#:| 
Required than for good soils, sheltered positions, and mild); 
climates, since trees then grow faster. Sheep can be driven ; 
earlier than cattle or horses into a forest. 

The calculation of the open area in a forest is given in the,: 
following formula 

Let F = area of forest, 

/ = closed area, 

fi = F — / = open area, 

# =^lose-time, 
r = rotation of forest. 

Then, /= F * I. 

j\ = V-f=¥ (l-?) = F( r - s )... II. 

For example, a forest of 1,000 acres area, with a rotation 
of 100 years, and a close-time of 25 years : 

The closed area = 1,000 ^ = 250 acres. 

. 1UU 

75 

The open area = 1,000 — = 750 acres. 

JUU 

Speaking generally, according to G. L. Hartig,the following 
treas should be closed 

Broadleaved forest . . . | to J of the whole area. 

Coniferous do. . . J to J 1 „ 

Coppice do. . . . J to f rf # 

According to Ilundeshagen, the close- time should be as ( 
ollows ' i 

System op Management. ? 


Species 

of 

Cuttle. 

Brow Heaved 
High Forest. 

! Coniferous 
j Forest. 

Coppice 

with 

Standards. 

m 

Coppice. J, 

p. 

Horses and 
horned cattle | 

Years. 

| 18—24 

7 - ^ 

1 1 
>* Cl 
t-H 

1 Years. ! 

i * 

; 14-18 ; 

! * r f \ 

Years. 1 

c-n| 

Sheep . . . ! 

14—18 

! 9—16 

i , 

OS 

fH 

j 

;.4-40 
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a 1t 7 "$s$| 

|P' ; ’ jn this table the minima are for good localities, and for; 
p species not much endangered by grazing, and tho maxima for 
y inferior localities, and for species preferred by the animals. 

P" When the animals are simply driven through a forest, 
:much younger woods can be opened, but in such cases tho 
gradient of the slopes and the consistency of the soil should 
, be considered. Thus, in the Harz, 5Mo-5-years-old plantations 
, of spruce with appetising grass are opened to cattle and 
suffer less than older woods, where the grass is hard and 
, unnutritious. * . * 


b. I Mat ion of Qrazmj Arena. 


Every year a new tabular form showing tho areas opened 
to grazing should bo drawn up and publicly advertised amongst 
the grazing villages that use the forest, in preparing such a 
form, the open compartments should ho arranged so as to 
make it possible for the animals to pass through old woods 
from one grazing ground to the next, or drift-roads should bo 
laid-out between them wherever young woods intervene, and 
sufficient time allowed for the grass to grow in a grazed area* 
before its turn for opening recurs. Marshy places, loose soil 
and steep slopes are to bo excluded. Localities with under- 
growth that is valued for regeneration must not be opened to 
Bheep. Where trampling is to he dreaded, horned cattle must,; 
also be excluded. Attention to the requirements of the animals 


/ when drawing up the plan of grazing will also tend to restrict 
\ } damage. 

!y The closed areas must he marked on the ground with notice 
jboards, or protected with fences or ditches, the latter to be 
feet wide and 1J feet deep, with the earth thrown up on the 
jVside of the closed area. # % 

| If drift-roads are required from one part of the forest to 
| another, they should be from 15 to 24 feet wide, according to 
y the number and species of grazing animals. Wherever these 
Itoads pass through very young growth, ditches, earth or stone! 
pvafls, or dry thorn hedges, should be placed on either side, 
gthe earth frorajhe ditches should be thrown up towards the 
Hosed area to assist in keeping out the cattle. yj 

^Wh«E|(^f ; such protective works are not made along a driffc' 



load, the nearest rows of young plants should be protectee!,^ 
m Fig. 20, each with three bough stakes with the jagged sides! 
pointing outwards. When for the removal of a strong growth! 
I of ‘herbage, or other ^reasons,; 



Fig. 19. — Protection for young 
plants. 


pasture in young growth is con- 
sidered advisable, this should be 
allowed only from the 1st of July 
after the year’s shoots have com- 1 
menced hardening, and in dry 
weather. By multiple-planting 
at each spot, in threes or more,; 
there is more chance of success 
in grazed forests, than when 


single plants are used. In grazed selection forests, the only 


certain system of reproduction is to plant in groups where 
old trees have been removed, and fence-in each, group until 
the plants require no further protection. 


e. Duration of Pasture. 

; The usual duration of pasture in Europe is from May till 
September. The period for grazing varies in different coun- 
tries, being, however, much the same in the mountainous 
parts of Northern India as in Europe. In hot countries 
great danger arises from the custom of tiring the dry grass 
in forests for spring-grazing, in order to get fresh young shoots 
from the rhizomes of the grass, as the dead cold -weather grass- 
es unnutritious. In certain forests, however, some of the 1 
grasses remain green, long after the grass outside the forest^ 
has dried up, especially when the forests are at a certai^ii 
Altitude and on northern aspects. 

Owing to unsuitability of the unburned grass for pasture^ 
pertain inferior areas of forest and blanks may have to 1$ 
'given up as grazing-grounds, and burned annually for this 
purpose. It is found by experience^ that, owing to constant 
grazing, coarse grasses gradually disappear from these area^ 
So that eventually they need not be burned, the non-inflam! 
[inability of the finer grasses then assists in Jie protection of 
pie valuable parts of the forest from fire. It is, howete^ 
jglways preferable to try and induce the people to 




^BW'the'grais before it has become dried-up, and preserve 
as hay or ensilage for use daring the dry season. This 
;plan has had great success in Ajmir, in India. 

;v In tire Alps, forest pasture lasts only for ten or twelve weeks;' 
and sheep-grazing on the high forest paste res of the Himalayas 
is of a similar nature, these pastures not being burned. The 
winter pastures in the N.-W. Himalayas, in forests of Pinm 
hntjifolh , Roxb., are generally burned, both in order to destroy 
the dead needles, and to produce a fresh crop of grass. Forests 
so treated must eventually disappear, but the magnificent re- 
production of Pinm ( \rcdm , Wall., in the middle altitudes of the 
Himalayas between 0,000 and 8,000 feet, since fire protection 
has been introduced into the forests, is most remarkable. 

In wet weather, forest grazing must he stopped, or carried 
on in old woods only. The usual daily grazing should com- 
mence only after the sun has dried the dew, and night-grazing 
is not generally allowable. If cattle are to ho driven through 
young growth, this should be in the afternoon, after they have 
already had a good meal. 


d. Species of Grazing Animal s. 

Goats, horses, and camels must not be allowed to browse in- 
valuable forests ; their fodder should bo cut and brought, 
to them. The French laws exclude sheep as well as goats; 
from all forests managed by the State Forest Department/ 
hut sheep may be admitted to graze in forests in certain; 
localities under special sanction. Elephants may be admitted^ 
into forests witL their keeper, and their fodder cut and brought, 
,in by them. A list of climbers and inferior forest trees and' 
shrubs suitable for the fodder of goats, camels, elephants and 
buffaloes should be drawn up and circulated amongst all 
keepers of these animals who obtain fodder from a forest/; 
ftnd the fodder, as far as it consists of woody plants, should^! 
|e restricted to these species. 

|*/Aa regards other grazing animals, the number to be admitted 
||fco 'ioresti must be carefully controlled. This number wil| 
P determined Try considering the amount of their require-’ 
apd the available quantity and quality of the herbage! 


Slheioresi' Wherever tender grasses are available, thes< 
; fi,re exclusively grazed on. 

:f No diseased or sick cattle should be admitted, and from one* 
lenth to one-fifteenfch of the animals should be provided with 
bells, those inclined to wander from the herd being chosen. 

The animals should be driven into the forest only in flocks 
0$ herds under the cave of trustworthy herdsmen, who musl 
see that they do not crowd together, nor stray too far apart, 
A few* horses may be attached to a herd of cattle, but cattle 
and sheep should never be kept together to graze. The 
herds must not be too great, not above 100 to 150 head. All 
crowding and last driving, and especially driving cattle with 
dogs through young growth, must be forbidden. 

On slopes grazing animals are driven straight up from 
below, and very slowly, in order, as much as possible, to avoid 
damage by their tread. « 

Shady places in old woods without undergrowth should be 
selected for rest in the middle of the day, and must be near 
water for the animals to drink. 


e. Herdsmen. 

Well-reputed, trustworthy people must be selected as herds- 
men, and the owners of the cattle held responsible for damage 
or breach of regulations, any failing in this respect being at 
once reported and seriously dealt with. 

, The forest manager should secure for himself a certain 
influence in the appointment of the herdsmen, and endeavour 
* to get them to take interest in the welfare of the forest, by 
(rite wards for good behaviour, and discouragement if they are 
p&reless. If the herdsman chooses the proper moment, when 
l - tshe beasts show an inclination to attack woody plants, to drive 
l*them on to another pasture, and when to graze in young 
|Woods, and selects old woods in wet weather— in fact, if he has 
|the necessary power of observation and will use it for the 
Siluefit of the forest, the damage done by grazing may become 
g^uite inconsiderable. 

(18) Geese, etc . 


fM regards domestic birds ; geeBe, fowls and pigeons may 
iamage a forest, the former spoiling the pasturage, aix| ^e 





devouring forest seeds ; bat certain blanks may W 
jfound suitable for geese, and the damage done by fowls and 
pigeons is inconsiderable. 

7. Forest lAtter.* 

As the removal of litter consisting either of the soil-covering 
^ of dead ||aves, needles, humus, moss, etc., or of branches oi 
Itorest trees in full foliage, is the most hurtful form of utilisa- 
‘ tion of minor forest produce, its permission mast he looked 
upon as altogether exceptional, and only to be granted under 
most pressing necessity (scarcity of straw, etc.). 

The then requisite protective measures are 

Limitation of the quantity of litter to be removed to what 
, is absolutely required by local farmers and peasants. Not a 
word should he heard in favour of selling the litter to others. 

If the rides, roads, ditches, places from which the wind would 
inevitably blow away the litter, and hollow places where it 
! becomes beaped-up unnecessarily deep do not suffice for the 
requisite supply of litter, then felling-areas with high herbage 
should be opened, but growing woods only as a last resort. 

Only places with fertile, deep and fresh soil can bear a limited 
deprivation of litter. On poor, shallow, easily dried, hot soils 
and on sunny aspects, the collection of litter must ho uncon- 
ditionally refused. So also in woods that are insufficiently 
Stocked, or in badly growing woods, of quality under 0*7. 
ft". Woods which have not yet attained their maximum height* 
prowth must be closed against the removal of litter. The 
^cessary close-time depends on the species, the locality, anc| 
j&he length of rotation (r), ; it should he at least J r for High 
Sorest and Coppice-with-Standards, l r for Coppice, but for 
|%acting species, such as the beech, we must wait up to $ r 
|$ven in high forest. 

K The repetition of the utilisation of litter is allowable only 4 
lifter a certain close-time, which varies from 5 to 10 years 
fecording to species of wood, quality of locality, rate of 
ip^ih, etc.* 

jlpjjW anftccount of the value of humus in the soil of a forest, see Vo!, If,*. 
an ^ part II., chap. VII. 



temoVal of leaves should not be permitted two ; 

$r; after a thinning, and in the case of natural regeneration^ 
Inhere must be a close-time for litter 4 — 8 years before and| 
Rafter a seeding-felling. This, however, implies such a Btate of| 
^decomposition of the soil-covering, that seedlings can strike^ 
their tap-roots into the mineral soil. "Wherever deep layers^ 
tef undecomposed hurauB prevent this, they must be removed" 
, so as to expose the mineral soil. ^ ^ 

\ The most suitable time in Europe for removing litter is^ 
: on sunny dry days in September and October, shortly before 
the fall of the leaf. This rule will require modifying where, 
-as in hot countries, some of the trees lose their leaves in 1 
the spring. J 

Iron rakes must not be used for collecting litter, as they go 
in too deep and may injure the roots of the trees ; brooms also 
remove too much litter. Only tho uppermost undecomposed 1 
layer of litter should be removed. Cutting and removal of ; 
sods of grass with the roots must be forbidden. / 

As regards moss, specios of llypnum should be removed only 
in strips during the spring, so that the regeneration of the 
moss on the bare places may be facilitated from the strips left 
untouched ; this happens, when the soil is fertile and moist, 
in about six years. Then the old strips of moss may be 
removed, and another six years left for the bare places to. 
recover, and so on. Species of Polytrichum and Sphagnum $ 
which generally grow in patches on wet soil, cause swamps? 
and are hurtful rather than useful, and can therefore always! 
be removed. 

k Branch loppings for litter, best from silver-fir, should b|| 
conceded only from felled trees or from those just about td bcil 
felled. Sometimes it may be useful to allow grass, heather| 
broom, bracken, etc., to be cut in young plantations, for ua|> 
ks litter. The kind of implement to be used will depend oJ 
^Circumstances. * , "M 

L During removal of the litter, the forest must be carefuti| 
patched, and wherever annual permission for litter is giv 
& scheme should be drawn up, allotting the open areas 
Successive years. ^ 

fe Bv careful economy in the preservation and use 



PinWSifai53 by the use of straw and provision of fodder^ 
props for stock, the demand for forest litter may be reduced ; 
3®' is the duty of the State to impart public instruction in thi$i 
fespect, and as to the extreme impoverishment of forest soil by a 
. the constant removal of litter. The worst possiblo instances^ 
“of damage to the soil by the removal of litter are exhibited by f 
|the State forests near Nuremberg in Bavaria, where even 
£Scots pine, in some parts of the forest, can now grow only 
as a dwarfed scrubby tree almost useless except for fuel. 
Litter from coppice-with-standards in Kent, Sussex and 
Hampshire is regularly used for manuring hop-fields, kv the 
impoverishment of the soil of those woodlands. 


8. Dead Branch-wood. 

Wherever the removal of dead branch-wood is not a right 
of usage, but is permitted under certain conditions by the 
forest manager, the following rules apply: — ,» 4 , / 

Written or printed permits for the removal of the dead wood 
must be held by each person so engaged in order to prevent 
the concession from becoming a right, and generally, people 
too poor to purchase fuel should he favoured in this respect^ 
'but they should not be allowed to sell the wood. 

\ Very poor or exposed localities in the forest should be 
^excluded from the use of this concession, as the dead branches; 
Increase the humus of the soil. 

gVAs a rule, no tools should he used, but where removal oft 

plead branches from standing trees is allowed, they should be*- 

pawn off close to the stem. | 

| ' In order to facilitate control, the removal of dead wood 

^Should be ajlowed only on certain days, and not between! 

Sunset and sunrise, and the forest carefully watched on those^ 
, i 

ays. *; 

^Wherever game is of importance, the privilege must be| 
depended during the breeding season. 

I; It' may be necessary to prescribe the removal by certain^ 
'’‘ids in order to ^cilitate control. | 

removal of fallen dead wood is not so harmless as many| 
;e think, as a considerable amount of humus is 



Sroii it. Thus sapwood, of which young branches ate chieujp 
composed , contains far more potash than heartwood. r -; 

? In the Crown forests of Hesse the privilege of collecting 
lead wood gratis is subject to the following rules 
: All dry fallen wood, which in the opinion of the forest 
manager is unsuitable for sale, may be taken. Also dead 
branches, which can be broken off by hand by one person 
without climbing the trees,’ provided it be not over 6 cm. 
$$ inches) in diameter. Only poor people provided with 
formal permits are admitted between sunrise and sunset to 
thirprivilege. All tools are excluded, and no sale of the wood 
allowed. Transport is by head-loads, or in hand-sledges, 
The privilege is stopped during May and June. 

In North-West Indian State-forests, the privilege oi 
removal of dead fuel is frequently leased annually ; it is also 
granted free to villages paying grazing dues, and to travellers 
on high roads passing through the forests. 

7 - v# 

9. Removal of Stones, Gravel , Sand, etc. 


\ The following rules should be enforced : — 

^ All quarries, sand, clay and gravel pits must be proper^ 
demarcated, and the boundaries strongly walled or fenced t< 
prevent accidents. Proper precautions must be taken tha 
neither roads, nor streams, nor the forest outside the quarrj 


^re- imperilled by quarrying. 

f In agreements made with lessees of stone-quarries, etc., thej 
"may have to pay for repairs to forest roads leading from th< 
Quarry ; they should also be held responsible for any damage 
|done by their employees. In French State-forests, when 
Icoab mines are worked below the forests and subsidence 
|beour, the coal companies have either to restore the groum 
||Ht« original level and replant it, or to dig out^fish-tank| 
Miich are valuable in France. yi 

E? Stones lying about on the ground should be collected onl 
Inhere their removal is not prejudicial to the forest, and who 
pbmoved, the ground where they were lying^hould be levelled 
pjetnoval of loose stones should not generally be allowed^ 


9 sites of Idlings, especiall^on i 
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®l#Ssav^or*^ tain moisture intlie soil. TlacM' ; 

£X >«U U.» a. .to... »«j •» *»* ■"■> •»* 
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hnnld be levelled or sloped-off to prevent accidents, and 
f possible planted. This rule is specially appbcab e to 
xperimental pits abandoned as not sufficiently piofita >le. 


10 , 


Collection <>j other Items of Minot 1 todn'i e. 


Collecting berries, such as bilberries, wild likawbe, ' ri ® 8 

•1 d with formally written or printed permits should b 
provided with formally 1 , j h()t coun tries, 

WMmm 

err u i — is 

altogether except during seasons whon t f, 
covering in the forest will not burn. 


i 


11, Game and Fisheries. 

. . . , (V ,„ m hunt or shoot game, and ol 

^sheries* frequently produce'consideralde othe! 
#lst little or no damage is done by pheasants a 

Lirrrr *s - 

their breeding season, but also to affor 



Compensation to owners or tenants of land bordering on t 
forest, for damage done to their crops by any excessive head o 
fgame which may he preserved in the forest/ They should als< 
jjfix a minimum limit to the area on which a man may claim th< 
exclusive right of shooting on his own land; this is especially 
i required in countries where landed property is much subdivided 
3 Such a limit is 25 hectares (fi2J acres) in Germany, but owneri 
of such small areas may combine with others to form shootihg 
syndicates. In French State-forests, sporting leases generally 
run for nine years, the lessee having to pay for any wire-fencei 
, that may he required to protect the young growth. 

Fisheries arc also regulated hv laws. In France, since 1897 
the preservation and control of fisheries in all State non-tida 
waters, have been placed under the State Forest Department 
which is styled “ Administration des Faux et Forets.” 

Their plan of operations over 842 miles of canals am 
canalised rivers, and 210 miles of other rivers that belong t< 
. the State, is : — 

1. To form reserved waters where fish can freely propa 
gate. On other streams, private fishing rights prevent Stab 
interference. 

2. Howards are offered to fishery guards and to fores 
guards for protecting natural breeding-places of fish and fo] 
establishing new ones, for killing otters and other fish-enemies 
for protecting streams against netting by driving stakes int< 

" river-beds. - . 

8. Fish-ladders are erected. 

4. Live fish are bred "in spec&l piscicultural establishment) 
and are placed in State streams, lakes, aid grounds. They 
are also distributed to private fishery owners. 

5. Crayfish have died out to a large extent in France fron 
disease, and fresh crayfish are imported and placed in tin 
livers. 

j! fi- Pisciculture is taught at the National Forest School, $ 
Nancy, where a special piscicultural laboratory and breeding 
establishment is maintained, the latter in the adjoining fores 
\Ol H aye. 



CHAPTER IIT. 


PROTECTION OF THE FOREST AGAINST*OFFENCES, 

* 

1. General Account of the Subject, 

' The theory of forest legislation and the law of forest polio© 
is dealt with under Forest Law.* 

There are, of course, a number of acts in a forest con- 
stituting an infringement of the rights of the owner, which may 
be remediable only by a ciril court: — either by a suit for an 
injunction to the offender not to repeat his ad, or for tlamayes. 
Of such cases it is not necessary to speak in detail ; but a 
word may be said about “trespass. ’ Ordinarily an entry on 
a man’s property which is not lawfully warrantable gives rise 
to an action for damages; but under the Lnglish law (and so 
in India) trespass cannot bo j mwrnted cnminallti , unless there 
is proof that the entry was with intention to do “mischief 1 * 
or commit a legal offence of some kind. W hen, theiefoie, in 
forests, it is desirable (owing to the special circumstances) to 
make penal the mere act of climbing a fence and aimlessly' 
wandering (off regular paths) in a compartment, or a young 
plantation, it can be done only by an express enactment of a 
suitable prohibition and (light) penalty. 

f ' , 2. Jjcfmition oj a Forest. Offence, 

>■; Under the term “forest offence M is here included any act 
done inaforest which is punishable under an existing forest o? 
irpther law. Offences which affect or threaten forests (or thej 
(produce of them when converted and stored, or in transit) dfej 
l^hich interfere with control, are naturally sometimes of a 

1>; Beferencef may hamade to “Forest Law," by B. H. Baden- Pu well, C.lJfa 
Km» (Bradbury, Agnew, & Co. Ld.), 1893, which also refers toUic 
§§h*|x on the subject. * 



i^:''#mch might occur in* respect of any prbpeffy, ma 
nhetimes of a special character: Le. they nappen #ouly 
i forests and are not attempted elsewhere; or else are 
tceptionally dangerous or injurious when done in a forest 
>r with regard to forest property generally). Hence in 
lost systems of law, “offences” are partly punishable under 
tie provision* of a forest low, and partly under the ordinary 
Penal Code” or the statute and common law of the 
ountry. 

In India, for example, such offences will sometimes come 
foder the Forest Acts; sometimes under the Penal Code; 
ometimes under either. And it is a matter for the law 
Lianuals to tell us when one law or the other should be had 
ecourse to. In the British Isjucs there is no special forest 
nw ; accordingly all “ offences ” that are punishable (as 
iistinguished from acts which give rise to a claim for damages) 
*re so under the ordinary (Criminal) Common and Statute 
jaw. 

{). CliisxijifittioH of Forest Offences. 

Forest offences may, therefore, he classified as follows: — 

* («) Damage : 

Unintentional. 

Wilful. 

(b) Misappropriation : 

Simple. 

Accompanied by damage, 
i, {e) Contraventions of forest police. 

The subjects of forest offences are sometimes the forest soil, 
>r its covering; the stock of wood or minor produce, whethei 
standing or converted; houses, roads and other works and 
tppliances used in forest business. 

' , a. Damage . 

^ Unintentional damage occurs in a variety of ways, as foi 
^stance : — damage to standing trees through clumsy felling 
It other trees, to young growth during fellings or removal o! 
Material; cutting up valuable timber into firewood in ignor 
Safe'Of 'its Value; cutting seedlings during grass-cutting^ 
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iW^g torts over boundary marks, through ditches, W 5 
5 'embankments, etc. The number of cases which may occur is 
> e0 great, that to draw up a complete list here is impossible. 

-; In m an y cases no legal offence is committed which is p«mh. 
f Me cr imina lly; hut the doer of the damage is liable to make 
^reparation. 

In the case of wilful damage, the motives may lie wantonness, 

’ revenge, selfishness, even superstition.* 

Damage of this kind includes : -peeling the hark from 
standing trees, girdling, cutting-off leading shoots, lopping 
- branches or exposed roots ; lopping branches from trees yielding 
mast, or from cone-hearing trees in order to facilitate t ie 
removal of their fruit ; wilful damage to boundary marks, 
fences, forest nurseries, or other forest appurtenances. 

h. Misd/ifimpriation. 

Under this heading is understood illegal appropriation of 
forest property still belonging to the forest owner. 

In most systems of law “theft” and “larceny refer. to 
“ personal ” or “moveable” property: such as a watch fire- 
wood in a stack, a log, or a beam ; and there is (or may he) a 
difficulty about prosecuting cases of lopping, or the offence o 
cutting a standing or growing troo, hush, or sapling; goner- 
allv, therefore, the font I lair (if there is one) will specially 
provide for these cases, and will leave" theft ” of forest pro 
duce (stored), cut timber, etc., to the ordinary law. When 
there is no special forest law, the cutting of standing tree 
would at any rate constitute “ wilful damage or raise ne . 

Simple misappropriation (in the general sense of the terra 
is unaccompanied by any damage to the forest, so that no as 
■of increment, no impoverishment of the soil, results from 
offence, but merely the loss of the property illegally take 

fV * About thirty years ago a deodar forest in War, in the N.-W. Himalaya 
•Ws deliberately burned to propitiate the goddess pt “"a'M’ 0 *; „ 
l t In India, a technical distinction is drawn between theft and mi. 1 1 

5 priation,” for which see “ Korcst. I.aw ’ (pp- 1 1 S, J2h). ■ > s l iro ' “ ' ’ 

6 the Indian law, that though “ theft " can only be of “ moveable pro - 
nd a 8tanding*trce iwot such, -still the act of oottra* |ar« «'«n n ■ 

(om the Boil may make the object moveable and also effect the moving 

^honest intention that is necessary to constitute “ tlieft. 



Way.^In ihis is included the illegal removal of dead standing 
*ees (provided no damage is thus done to living trees); of 
ead branches or windfalls ; of fruits not required for natural; 
sproduction; of grass from rides, or roads; of stones lying 
n the ground, berries, edible fungi, etc. 

Misappropriation accompanied by dam aye is committed when 
tie forest owner, in addition to the loss of the articles 
bstraeted, suffers physical damage to his property, which 
aay differ greatly in degree according to circumstances 
species, age of wood, system of management, density of 
;rowth, locality, etS.). 

To offences of this class belong, as regards principal pro - 
htcc : — cutting and removal of standing timber, or parts of 
tanding trees, involving loss of increment and irregularity of 
uanagement, or introducing decay into the wood ; removal of 
aether-trees in regeneration -fellings, or of standards in stored 
oppice, resulting in delay in the reproduction of the wood, 
leprivation of shelter against atmospheric influences for the 
r oung growth, exposure of the soil, etc. Some of the most 
larmful of these offences are digging up green stools from 
:oppice, and removal of young plants from plantations, as 
hus the care taken to restock a wood is frustrated. Another 
r ery harmful offence in Germany is the breaking off of the 
eaders and side-shoots of young pines by children for sale to 
ipothecaries, who grind them up and export them, chiefly to 
America, as medicine, under the name Turiones pini. 

As regards minor produce : — peeling bark, tapping for tur- 
pentine or gum, lopping branches for fodder, grazing, raking- 
ip litter, cutting sods, and appropriation of the resulting 
)roduce, are common offences. When tall herbage is pulled 
ip round seedling plants, or excessive layers of humus are 
•amoved from felling areas, the owi^r of the forest may 
actually profit by the offence. Such nominal offenees may 
>e prevented by permits to remove noxious material. ' 4 . 
* In many of these cases, as for instance in the removal p| 
Itter, the damage done to the forest far exceeds the value of 
Jxe material abstracted. 



W Contravention of Forest Police Peculations. 

The offences comprised under the above heading are infrac- 
tions of police regulations made for the public welfare, or in 
she interests of forest conservancy. No damage need resub 
from such offences, as for instance from kindling a tire in e 
forest which may become extinguished without causing a 
forest fire, although there is an imminent probability that 
iuch a calamity will happen, and this probability necessitates 
the stringent prohibition of such an act. Offences of this 
nature may be placed in the following groups : — 

(i) Offences against forest control. — Examples : removal oi 
wood without permission, at a forbidden time, or by a closed 
road; collection of dead fallen wood without a permit, on 
forbidden days, or with prohibited tools, etc. 

(ii) Offences endangering the forest. — Examples : lighting u 
fire; leaving unextinguished a lire lighted with permission o: 
the forest manager; carelessness in burning charcoal or lime 
smoking pipes without covers ; going into a forest with 
torches, etc. 

(iii) Art 8 preparatory to a forest offence , which are conse- 
quently prohibited Examples: trespass by climbing ovei 
fences, carrying axes or saws in a forest without permission 
injury to notices, etc. Forest trespass (in closed places, of 
regular paths, etc.) where this is made penal by law. 

Many forest offences comprise damage or misappropriation 
as well as contravention of regulations; as for instance injury 
to growing trees by transport on a prohibited road, kindling t 
fire in a forest with misappropriated wood, etc. 

Such complications may involve several heads of charge h 
the prosecution case, or call for severer punishment tliai 
offences of a simpler nature. 

4 . Protective Measures. 

Protective measures against forest offences may be eithe 
)dwect or indirect . The latter chiefly involve removal of ih 
t&jase of offence^ and the former are directed against th 
^ence itself; it is, however, difficult to draw the line between 



y; u«iurvuimieiy, ioresu onences are always consider©®? oy 
jtowrtty people less culpable than those against the penal code, 
;Jas many German proverbs show. This results from the former 
communal possession of many forests, and the small value of 
forest produce in earlier times. Even now, the appropriation 
of Christmas’ trees, birches for Whitsuntide and sallow branches 
in bloom for Palm Sunday, are frequently considered justifi- 
able. The forester should not be too exacting regarding certain 
innocent practices ingrained in the popular mind, and he 
should endeavour to become acquainted with all local customs 
which prevail near his forests. 

The following are the protective measures against forest 
offences : — 

(1. lie moral of Causes of Offence. 

Want of occupation and consequent poverty often leads to 
an increase of forest offences. As a population increases, 
without more opportunities for employment arising, and as 
the clearance of communal and private forests causes a rise 
in the prico of forest produce, the temptation to commit 
Offences is increased. They are also more frequent near 
populous towns than elsewhere, as the trade in stolen forest 
produce is thus facilitated. At Ilardwar in N.-W. India, in 
1882 , unmarked forest produce brought into the town was 
rfegularly priced lower than properly certificated produce, as 
the former was suspected of having been misappropriated and 
might get the purchaser into trouble. Insufficient education, 
Careless watching of a forest, bad forest legislation, and a 
$eeble execution of justice on the part of magistrates, may all 
iBombine to increase forest offences. 

& The subject of Forest Policy comprises a study of the above 
l&etors, and only the energetic action of the State can ensure 
thorough protection to forests against forest offences. Under: 
forest Protection, we can rely only on means within the power 

the private forest owner, which are as follows : — 
r (i) Careful utilisation of all forest products, so that all loqal 
I'anta may as to as possible be supplied. Frequent sales of 
wad itt small lots; and credit given for a certain narK 
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fol tfee purchase-money until the purchaser can begin to realist 
J the value of his purchase, are useful measures. 

(ii) Provision should also be made for the sale, by printed 
or written permit, of kinds of principal forest produce which 
frequently form the object of misappropriation, such as hop- 
poles, props for fruit-trees, cart-axles, wood for ploughs, pea- 
sticks, thorny hushes or stakes for fences, bast for rope- , 

‘ making, Christmas trees, faggots, stumps and roots of felled 4 
trees, etc/ 

(iii) Permits, if necessary without payment, to remove 
certain minor forest produce as far as is consistent with the 
safety of the forest, should also be obtainable throughout the 
year. For instance, to cut grass ; for dead fallen fuel ; to 
collect berries, edible fungi, cones; to utilise some kffids ; 
of litter the removal of which is not harmful; in certain 
cases for the temporary cultivation of crops. Tall coarse 
grasses may frequently be removed to the advantage of a 
forest, and thus may be secured less danger from frost and 
lire, more iieat and moisture in the soil, and loosening of the 

‘surface, all of which are important for plantations. In the 
case of temporary cultivation, potatoes are to be preferred to 
cereal crops, as they impoverish the soil less. 

(iv) Supplying work in the forest during winter or at 
other seasons when employment is scarce. When a village 
near a State forest has been burned, building and thatching 
material may be supplied free, or, at a low price, in order to 
prevent dealers in such material from charging excessive 
pricos to the distressed villagers, lioads, drainage, ditch- 
ing and removal of stumps, will furnish employment,' in 

' addition to the ordinary felling and planting work in a forest. 

: (v) In the case of communal forests we have moreover to 

' secure economy in the use of firewood by introducing the use of 
* improved stoves, ovens, etc. The firewood store-depots should 
ybe centrally situated, so as to facilitate removal of the material 
fby the householders. The wood should be delivered dry and 
jtta the smallest quantities in demand. 

“ ftev. 4eu E. et P. ” 1905, p. 688, it in stated that sales of small felling 
! ireas of coppice in Algeria have resulted in a considerable reduction of offences. 
gjXty people living near the forests formerly gained their livelihood partly by 
of forest produce. , . £ 



£ fflmproyeipentot agricultural methods, so that agifilultu^ 
&afP®pend as little as possible on the forest. Common-land 
should he used to the best advantage; technical instruction 
in agriculture should be afforded, etc. 

‘ (vii) Much may be done by the exercise of tact and kind- 
ness in the administration of a forest, to prevent the ignorant 
peasantry from feeling the forest to be a hostile institution in 
their neighbourhood. This need not impair the effectiveness 
■with which important rules are enforced and the safety of 
the forest ensured. It is possible so to act as to make the 
people not dislike the control, by using discretion in enforcing 
particular prohibitions. Ignorant peasantry will always dis- 
like forest conservancy ; but they need not feel it a grievance: 
thOTO is an irritating kind of exactness which tends to pro- 
voke a spirit of malice and a desire to injure the forest; 
whereas, a judicious management will in time disseminate the 
idea that the forest is after all a beneiit, and that the forester 
is not the enemy of the people.* 


I>. Direct Dealing with Forest Offences. 

{ (i) The forest should he subdivided into beats of suitable size 
and shape (or patrolling and keeping watch against trespassers, 
pr against the causes or origin of fire ; in Germany, the area of 
a beat ranges between 500 and 1,800 acres, the latter in Wiir- 
temberg, the moan area being 1 ,150 acres. Trustworthy forest 
guards should he appointed, who should be allowed sufficient 
pay and houses well situated as regards their heat, also allot- 
ments for a garden and potato-field, and pasture for one or two 
cows on forest rides and blanks. Proper control of the guards, 
and promotion and reward of good men must be seen to by the 
forest managers. Friendly-societies of the guards should be 
^encouraged. 

(ii) Wood-cutters and contractors employed on work should 
foe induced to participate in the protection of the forest, 

I/The forest should be constantly inspected* and all workmen 

* la the Jaunsar district in India, the wages paid annually by the Forfeit 
apartment were in 1888 sufficient to cover the rent paid to Government by! 
pe peasants, ' ^ 




I": (iii) All forest offences mu$ be promptly reported, and the 
^offenders prosecuted. There are some particular offences 
^against which special remedies may be adopted. Where 
tappings for turpentine have been illegally effected, they may 
' be smeared with lime- water, which stops the flow of turpen- 
tine. Where removal of litter is to be feared, stumps may be 
left somewhat high at the thinnings, or stakes driven into the 
; ground to impede progress. All stumps of stolen trees should, 
on discovery, be marked with a special hammer to facilitate 
control. 

(iv) Wherever it is possible to free forests from rights-of- 
common, this should be done, as abuses almost always 
accompany them. A comparison betweon open and closed 
forest is shown in Fig. 20. 



^s.Fig* 20,— Now Forest, 1900. Comparison between closed and open forest. 
. Kifldly Bupjj^ied by Commissioners of Woods and Forests, 



CHAPTER IV. 


PROTECTION AGAINST DANGER FROM FOREST 
RIGHTS. 

Section I.— General. View of Forests as “Estates” or 
Pieces of Property. 

1. What is Property ? 

A discussion cannot here be attempted of the legal defini- 
tions of property, or the questions involved in legal possession, 
and so forth, with which the whole subject is bound up. Wt 
commence with the practical consideration, that in modern timet 
most things that are available for use have, or are presumed 
to have, an owner. In particular all land (in countries when 
there is a civilised government) has come to be recognised at 
|be “property ” of someone : even an open moor or waste is 
;Owned by someone. This ownership implies the following 
elements: — 

(a) That within certain limits or boundaries, 

(h) the “ owner” has certain positive rights: which othei 
people have not. 

(c) He has also the negative right, that other persons are 
bound not to interfere with his rights. 

In either case there is a legal remedy, which the owner can 
invoke in the case of an infringement of his right. 

(d) It is possible that some other persons (without actually 
infringing the owner’s right) may have certain rights of their 
own which limit the enjoyment of the owner; if so, these 
nights must be known and certain. 

Where these conditions are not yet legally existing there 
cannot be, for any practical purposes of management or 
Control, an estate or property. „ u ‘ - ^ 

Where the owner’s right (a and h above) is not limited \ 
Ihe existence of other rights under (d), the lawyers shortijji 
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excess the sum of ms rights as owner, by saying that he# 
has the me (every possible advantage from the estate); the- 
abuse (the right to destroy and make it a waste, unless some 
express law prevents him) ; the fruits, i.c. all produce and /-; 
accessories ; and lastly, the right to let, hire, alienate, and 
maintain any kind of legal action necessary to defend his , 
property. 

2 ..QJ the Persons who are Owners . 

Forest property may belong to an individual owner, or to a 
partnership or body of co-owners, or to the State ; or to what 
is called an artificial or legal person, namely, some body of 
men, or individual holding a peculiar position, or even an 
official trust, or some institution, which the law regards as \ 
if it were one single person, taking (as regards the property ; 
owned) no thought of the individual member or members t 
Composing it. 

The corporation, as a legal person is called, is exefnplilied 
by the “ Crown-,” the “ rector of a parish,” a town corpora- 
tion, a college, charitable or other body, which is by law, or 
by a Royal Charter declared to be corporate. In such cases 
the law or charter specifies the oflicer (chairman, secretary,, | 
etc.) who is to represent the corporation : the act of the whole 
body is signified by a common seal.* The individual members 
of a corporation have no interest in or liability for the 
property whatever, nor can they take any action regarding 
it. Thus corporate property differs from property where 
the owner is a company (not being a corporation), or a 
partnership, or a set of two or more joint owners : for all 
these have separate rights and individual interest, although 
until partition, no one of them alone can deal with any 
portion of the estate. 

8. Limitation of Owner's Right . 

: |n the short enumeration of the characteristics of property 
it was noted that sometimes, though there was an owner to 

I * This has nothing to do with the departmental official .seal used by a forest 
department or government secretariat, etc. The “ State” or “ the government” 
jjlitoraer of forests and sotorth, is not exactly a corporation— but it is analogous. 

& property is always provided to be managed and held by someone— t.g, the 
aryjerf State, for India in Council, in the case of pahlic property in India, 



$i*e estate, whose right extended over the whole, within 
proper boundaries, there might be third persons, having^ 
rights within the boundaries also. When this is the easel 
it is often popularly (but inaccurately) said that the owner- 
'ship is limited. Ownership in itself is an ultimate and 
indivisible right; if a person is owner at all, he is simply 
owner, he cannot l)e something more or less, so long as he 
retains the legal title at all. But around the right of owner - , 
*sjiip cluster also a number of subsidiary rights and enjoyments, 
fcome of which can he broken oil, so to speak, and come into 
the bands of other persons. Hence, though the ownership 
remains, the enjoyment of it may be either absolute and 
Unfettered or may be limited. One obvious way in which 
such limitation arises, is by some contract— such as a lease, 
pledge, or mortgage, or loan of the estate ; with that kind, 
however, the present work is not concerned. There is another 
class oftighls of third parties which do not arise out of any 
lease or temporary contract, and their existence often causes a* 
very considerable limitation of a forest owner’s enjoyment and 
control of his property. 

4 . Rules of Protecting Forest Property. 

Before discussing the nature of these rights, some brief 
rules may he given, which apply to the protection of the 
forest property or estate as such ; to secure the area, general 
title, and legal position of the property. 

(a) See that the forest is regularly and permanently 
demarcated, both as to its general outer boundaries and as 
to all inner boundaries— which mark the limits to which: 
certain rights extend, or in which there are no rights other : 
than the owner’s. '■ 

{h) Provide convenient means of entrance to and exit from| 
the forest and its various compartments. ' 

(c) Exercise the rights of ownership in the forest, especiaU^I 
near its outer boundaries; let no one have an excuse foig 
saying it could not be known that any one was in possession*! 
or was owner of the place. The mere fact of possession^ 
renders the assertion of ownership much stronger before tbe| 
courts of law, in eases of disputed ownership. 
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pP) ■ CareMty prevent damage to the estate, its roads,"; 
fences, works, etc., especially if caused by the removal of 
forest produce. 

, (e) Carefully watch against encroachments, and all kinds 
of forest offences, injury to boundary pillars and othor marks. 

(/) When any licences or concessions are allowed, see that 
this is always done by written or printed permission so worded 
as to make it clear that no right of a prescriptive character 
can arise. 

( g ) Exercise any rights the forest estate may possess over 
other estates, and all claims to labour, or payments, all rights 
of receiving help in case of forest fire or other calamity, or 
receiving information (which may be imposed by the forest or 
other law). 

. Section II. — General Account of Forest Rights or 
Servitudes. 

1. Nature and 0 riff in oj Forest Might*. 

As already stated, it frequently happens that person* 
(sometimes individuals, sometimes legal persons or corpora-^ 
tions) possess rights over a forest (or other) property which* 
belongs to someone <else. These are permanent rights, which 
have nothing to do with a contract, or temporary lease, mart-, 
gage, etc. In that case the forest or other estate over which the 
limited right exists is called the servient estate— it is burdened 
with the right. These rights are called by various names,; 
The Homan lawyers called them servitudes (because the 
burdened property was made to serve the purpose of the 
bolder of the right). In English some were called easements 
{i.e. one kind of them were so, of which presently), others, 
rights-of -common. In India, the Legislature (abandoning this 
distinction) has called them aU “ easements.”* Such rights* 
depend partly on grants , or some form of written title, 

* Origin of forest right *, — In Germany these rights often arose out of the old ; 
agricultural communities whose territory or Mark hail a portion or borderland of \ 
ivaste and forest which (in some sense, at any rate) belonged to the inhabitant*,.; 
[from the time of Ohitflteraagne these border-forests were appropriated by the'| 
empire or by powerful landowners and town corporations, and the original owners^ 
steame mere riizh t- holders. Waste lands attached to villages in India have also 



perhaps a judgment of some Court, and partly oh waf'J| 
; called prescription. By this latter term we mean, that 
- though the exact origin is not known, yet as a matter of 
' fact the right has been exercised for a long time— the term;! 
!of years (usually 20 or BO) is fixed by the law of each country 
, — and also has been exercised openly (not by fraud and’ 
unknown to the owner), peaceably (not by violence), and as of 
right (not by mere leave or sufferance, acknowledging that 
the owner could put a stop to the practice). When these 
conditions concur, there is a full legal right' by prescription. 
It is also possible the rights may be regarded as (in a way) 
prescriptive, by reason of their being admittedly matters of 
ancient local custom or on other equitable grounds, even when- 
the precise terms of a legal prescription, as above stated, are 
hot established. 

. 2. Rights or Servitudes classified into Kinds . 

, The lawyers in various countries have classified these rights 
in different ways in consequence of particular legal distinc- 
tions. For example, such rights are said to be negative 
when the estate which bears the right is merely under 
(the continuous obligation not to do something— i.e. not to dig 
a hole so as to endanger the right-holder’s foundations, not to 
stop the flow of water, etc. ; and positive* when it is obliged 
to allow the right-holder to do or take something , as to drive his 
cattle across a field, take wood, or drive-in pigs to feed on 
acorns, etc. Bights are also said to be continuous or dis^ 
continuous (intermittent) ; the former in their nature are 
continually in operation at every moment (as a right to light; 
and air by ancient windows*); the latter are used from time; 

:had something of the Rame history ; but under the effects of the land settlements 
; ! »uch areas have mostly been freely given over to the villages. In the Garo Hills; 
^Aasam), where tribal settlements in the ancient model still can be observed, it, 
; is only within the last 4,0 years that fighting has ceased when one village group ? 
.tried to encroach on tte border-forest of the next. Forest rights also arose 

the baron orfSrd : and still more grow up by local custom, and long user; 

Ipeighbours, partly because J^jjftodes of agriculture then known suggested;! 

Igrazing, pannage, etc.. aa pt desirable, and wood fuel was requiretjl 

I coal was obtainable. In! [raes, too, forests were abundant in comJ 

In with the number of the] ion : and no or<* cared to interfere with! 

i jlbple habitually taking what w ciundant and had so little value. 

* Ajud in general all negative servitudes are necessarily cm iinimut. 
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tSe" either at fixed intervals (e.g. a right to have 10 beams 
( repairs once every 5 years), or on occasion (as to cat 
ushwood for fuel when wanted). This latter foatmo (t »- 
ntinuity) may give rise to a further question, which will be 

>ticed presently. . , J • . ■ 

On the subject of classification of rights of user, ml) tv o 
,ints have a practical bearing on protection. One concerns 
,e nature of the right, the other concerns the nature of the 


aht-holdcr . . 1 . 

As regards the nature of the right, there is an obvious 
stinction between rights which (whether negative or 
Mitive) imply only some use, of the servient estate (as 
allunc over it, letting water flow across it, having the 
inport of soil for foundations, having a beam resting on a 
lervient) neighbouring wall, etc., -in all which cases nothing 
i taken out of or from the servient estate ; and those rights 
thick do take something : e.g. rights of pasture, wood rights, 
ights to dig sand, litter, etc.), fit is the former only that the 
Indish lawyers call easement* ; the latter are nghts-oj-eommon, 
r profits a prendre in older books.] And then as to the 
older of the right: this may be a person A. B. and his heirs ; 
fc is always understood that the person cannot alienate the 
iglit or servitude. Such rights are said to bo personal rights, 
tr as English lawyers say, rights in gross. But very often the 
•ight is held not by a person (natural or artificial) as such , bu 
jy a certain house, farm, or other building or estate ; so that 
ihe right is exercised by the person who happens to be the 
aolder of the estate or farm, etc., for the time being. Shouk 
the present holder go away and sell the farm, etc., lie woulc 
sease to have any right; but the right must pass with th. 
farm by sale. Bights of this kind are called real rights (rea 
in a technical sense), and the estate, house, farm, etc., U 
Irhich they are attached is called the dominant estate, just a 
lie estate which hears the right is called the servient estate. 
F Different svstems of law have different ideas regard in: 
lh.se rights. " For instance, in France and Germany fores 
ights (to pasture, apod, etc.) are always real rights - they ar 
llways attached to some farm, building, etc., for the beneii 
Ewhich the right exists. .But this is not always the case n 



^Britain or in India (except in some few caseB which in their 
nature imply some (dominant) house or building or land to 
;which the right is attached) ; it is quite possible for an 
individual to have a prescriptive right as such individual.* 
It is not necessary then to pursue this classification further, 
except to be sure that when a right is so attached, the record 
of it makes it quite clear exactly where, what and of what 
[extent, is the house, farm, or estate, which is the dominant or 
right-holding property. 

: It need only be mentioned that personal rights may be 
granted or become prescriptive to a person and his heirs for 
ever, or may be (granted) for life or lives only. 

8. Forest Rights which ore Undefined. 

Returning for one moment to the prescriptive origin o«* 
rights, one very important matter has to be noticed. Such 
rights are nearly always undefined or indefinite — indeed, it 
Is possible that some rights by the terms of a grant are alsc 
left undefined; hut most commonly it is prescriptive rightf 
that are so. 

The custom is that the right-holder may graze “ his cattle ’ 
in forest A. (how many and o£ what kind, and at what seasor 
is not stated) ; or that he may have power to build and repaii 
“ his house ” ; or he has “common of estovers” — a right tc 
fuel— but of what kind (brushwood or billets) and for whal 
purposes, does not expressly appear. 

In all systems of law there are rules for determining bov. 
such undefined rights can either be brought formally to recort 
in a definite shape {e.g. the Indian Forest Act),t or at leas 

y * A brief note may be useful as to village right* in India : it cannot be said 
’'or can only be true in particular cases, that a village is in any sense a corpora 
? tion, or that it, regarded as a single (artificial) j*erson, can hold rights e 
user or common ; nor can it in general be regarded as a single dominant estat 
possessing rights. If (though not warranted by the Indian forest, law) a right i 
set down in a public record as existing in favour of “village C.”— this merel 
me&m that, all inhabitants (or perhaps only all landholders) of village C., for tfi 
ggkne being, can exercise the right in question. 

Bit In all fully -constituted State forests in India, the law requires every rig}; 
Claimed (o be brought before a public officer apjwnutert for that purpose and nc 
- only record^!, but made as definite in number, extent, kind, etc,, as circuuwtancr 
dlhWiL 
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phefe are provisions for fixing the number of cattle, quantity; 
|of timber or firewood, etc., to be claimed under the right. 

These principles are detailed in law manuals.* No system of 
i/law allows such a thing as an unlimited right— for that might, 
v swallow up the entire ownership— a thing contrary to the 
ivery nature of a right of this kind which, it should be always , 
remembered, is a permanent right (not arising out of 
'contract) of one person or estate, which exists over the 
' property of another person, to have some use, or take Borne 
; part of the produce of the other property. 

It is true that sometimes a number of separate rights may 
exist, the aggregate demands of which form a serious burden 
on the forest property ; but there is no infringement of the 
principle. It is also to be mentioned in passing, that 
sometimes there is a kind of right over property of a 
special nature, called the usufruct , which implies that the 
whole of the normal produce and the general enjoyment of 
the property passes for life to the usufructuary; hut oven 
then, the holder of such a right is not owner, nor can he do , 
anything that alters or injures the property in its substance, 
or affects the ownership right! — a fortiori, therefore, a mere 
holder of a right-of-coinmon is bound to respect the estate 
on which his right subsists, and treat it cinliter et. modeste 
according to Homan Law, or en bon p'ere de famille , in 
French Law, and cannot demand an unlimited, or abusive, 
enjoyment of it. | 

- 4. How Forest Rights may Terminate, 

: As we have considered how such rights may grow up, so 

) few words will he appropriate as to how they came to an end ^ 

1 * For instance, in Danckelummi’s “ Ablbsung, uud liegoluug,” 3 vols., Berlin,";: 
V/3880. Badeu-Powell, “ Forest Law,” p. 31 K, 

The usufruct is always for life (see Broillard, “]<e Traitement den Hois efyv 
^France.” Paris : Berger, Levrault et Cie.— -i.e. 1894. pp. 027 — (554 ). If there is 
^prescribed wnrlting-plan the usufructuary must carry it ou,t and only take such,* 

| produce as comes within its directions, and he must carry out all works, such mt,; 
|l|tew planting, sowing, keeping forest works and roads in order. Such a usufruct , 
[f%Tise» in the case of entailetl formats, or those comprised in a family settlement j| 
p 4 *iso it may be that part of the glebe lands in a rectory in which the parson boa, 
life-interest, ft stocl^l with trees, and may come under this head. By English^ 
tbjjfcw, a rector may cut underwood on his glebe land in accordance with the usually 
but may fell timber trees only when they are mature.. 



E ^lrily he naturatly : as where the domiriah^e^W'SIf 
irs (e.g. river diluvion), or where the personal right-holder’ 
plies without heirs. 

(b) It may be that the forest is unable to satisfy the require- 
pfentfl of the right; here the right must remain in abeyance, 
pill the forest has recovered from the calamity which caused 
|the inability. Where the rights are permanently in excess of 
;J|he yield-power of a normal forest, then the law' usually provides 
^express terms for dealing with the difficulty.* 

(c) When the right-holder becomes (by will, purchase, etc.) 
;pwner of the servient estate, or where tho dominant estate 
is acquired by the servient estate, the lesser right merges into 
I the greater. 

k (d) Where the right-holder submits to an interruption, or 
-acquiesces in an act on the part of the servient owner who pre- 
sents the exercise (of course having notice of the interruption), 
■the right will bo lost if no action is taken for one pear A *'It 
tinay be that the right-holder himself discontinues or intermits 
|the exercise of his right. In England, it is a question of fact 
ijor the jury, whether the discontinuance was long enough or 
filnder such circumstances, as to give rise to a conclusion that 
§ihe right was abandoned. In India, the matter has been settled 
;iy legislation (Act XV. of 1877, sect, 26 Exp.). Two years’ 
'Intermission (under tlffi conditions stated in the Act) will cause 
; the right to terminate. 

h Of course in all cases, as a right can be gained by prescription 
h it can be lost by complete non-user for the whole legal period, 
ijf prescription. 

jjf (e) Lastly, the right may terminate when, either by friendly 
Agreement, or (if the law prescribes) by compulsory process, 
jKe right is commuted or bought- out on paying compensation.! ; 

8ec Baden-Powell, “ Forest Law,” pj>. 293, 369, 378. 
giT, J*or England, see 2 & 3 Will. 4, c, 71. The Indian law is similar: see 
j$Ct, 26, Act, XV. of 1877. 

^ Eiplained in P&nekelmauti’s “ Pie AhUwung und Regelung der Waldgrund* - 
j|6rechtigkciten. ,, Cooke’s “ Wingrove on Enclosures” 1864 (referring to the 
j^titudinous and complicated Enclosure Acts). Baden-Poweli, “ Forest Law,” 
ip. 367—893 (where an abstract of the German law is given). Mearnne, “ Usage 
forest ier” (reprinted from the “ Repertoire de Legislation/’ Nancy, 1861). 1 ; ; 



'reiiTiM Principles of Law regarding Forest Rights. ? 

gk.The following short statement of legal principles, all of 
l^phich are based on broad rules recognised in all systems of 
f civilised law, will be found useful ^ 
| (a) There can be no such thing as a right to destroy the 

Restate or do wanton mischief (e.g. burn a forest). 

\ (b) The right-holder is in no sense a part-owner of the 
v , forest When a part of the forest is separated and given over 
to him, such a proceeding is at the option of the owner,- as a 
, means of compensating for and getting rid of the right. 

(r) The right is always a limited one ; it can he exercised so 
Lonly if while fully and fairly enjoyed it does not attack the 
1 substance of the forest: it can never exceed the normal regular 
yield of tho forest nor its capacity to bear the right without 
: deterioration in the case of grazing, soil-litter, etc. etc. 

(d) When a right is undefined in its character, and has not 
been* red udbd to definite terms, it is always understood to ho 
limited to th a actual needs of the person, or the dominant estate 
(as the case may he), in his or its normal condition as it was 
when the right originated. If a peasant has a right to wood 
for “ building his house," it means such a house as is 
usual in the locality, not a large villa or whole range of farm- 
buildings.* 

(c) The right must he exercised so as to interfere as little as, 

[ Possible with the regular management proper to forests of tho i 
normally existing class or kind; it cannot prevent the restora- 
tion of an ill-used forest, or the proper planting operations and : 
Iproduetion of young growth. ( - 

|>"’(/) On the other hand, the forest owner cannot claim to! 
I&ifcer the character of the. forest, or its general destination 
as to affect rights ; and where one mode of proper work- 1 
png would provide for the rights while another would not, a 

llbe owner must make his working-plan so as to provide for " 

phe rights, t #5 

Ik * See Baden-Powell, “ Forest Law,” p. 290 Jf, U28. ! 

Ilf 1 f See “ Forest Law,’’ p. 294 f. In England we have a recent example which | 
pliustrates the rule that a forest owner cannot alter the entire destination and 
^aracter of his estate 4#* the prejudice of right-holders ; and at the same time is £ 
Bwere instance of forest rights being beneficial (from a forest point of view). In J 
p fe pa ae of the right, possessed by the commoners to lop the trees f 



5. I he Disadvantages Arising from forest Servitudes, 

if chie ^ disadvantages to forests, from the existence ol 
Jfohts-of-common are:— 

Limitation of the owner’s power of managing the forest 
4n the best possible manner, or of converting it, and so forth. 
An insuperable obstacle to systematic management in English 
woodlands subject to rights-of-common, is, that they cannot 
be enclosed, or fenced. Such woodlands pay no rates, and 
thus, the general public has to pay for the privileges of the 
right-holders, often a few neighbouring land-owners, who 
obtain a higher rental, than they would otherwise, from 
the farmers, or cottagers, who exercise the rights. 

Home servitudes affect the control more than others, and it 
is noteworthy, that it is generally not any one right that is 
objectionable; the difficulty arises from ttae aggregate demand 
for a number of right-holders, both as to the quantity of pro- 
duce, area of grazing, etc., which they require* and also 
Lhe number of persons introduced, to graze flocks, gather 
wood, etc. 

(b) Even rights-of-way and other rights which take nothing 
from the forest, give occasion to accidental trespass, to forest 
fires, and perhaps to wilful offences. 

. (c) Tho foreBt owner is tempted to be less careful of 
his forest, and is deterred from expending capital on its 
improvement. 

(</) Both the labour arid cost of protection are considerably 
increased when forest rights are numerous. 

svtts enforced when the fords of the manors wished to enclose the forest areas 
Included in their manors, and had even proceeded so far as to clear a thousand 
icres of forest and subdivide it into building allotments. They claimed the- 
power to purchase the right of lopping from the right-holders within their own 
nanors. The right-holders, on t he other hand, claimed that their right extended 
^oyer the whole forest, and not over any particular manor, and this view of the 
fatter whs eventually accepted by the High Court of Justice after a protracted 
judicial inquiry. Thus it was decided that the lords of the manors could not 
TOe their respective manors from the rights without satisfying all the right;* 
folders, in whatever manor they might reside. This decision saved Eppiajr 
mtxtfrrn being converted into building-sitcs, and the City of London eveZi 
Purchased all the manorial and lopping rights iiUho forest, the latter fof 
,$7,000, and now only rights of pasture and pannage are exercised by the$ 
commoners. 



P^fef : An3 r so are the risks of offences, and forest fires/ "i 
p (/) Control of the right-holders involves much otherwise’ 
'Unnecessary work both in the office and forest, 
v (g) The revenue from a forest is reduced, not only by loss 
of produce, "but also by degradation of the soil owing to 
, pasture or removal of litter. 

(//,) Disputes arise, and risk of litigation, and of ill-feeling 
cuhhinating in revengeful attempts to burn or otherwise 
: injure the forest. Forest right-hofders are also tempted to 
presume on their position and encroach on the rights of 
the owners.* 

Looking at the question from the broad point of view of 
political economy, forest servitudes encourage extravagance in 
the use of wood, and establish a backward style of agricultures 
as regards tho use of litter for manure, loppings for fodder, ; 
and forest grazing, which may in the end overtax the forest 
and result in serious forest destruction and consequent 
injuries to the country, from floods, landslips and other 
physical evils against which forests are a natural and often 
effective protection. 

The degree of danger incurred, irrespectively of the character 
of the servitude, depends on the conditions of tho locality and 
the density of the standing crop. A completely stocked wood, 
on favourable site (as regards slope, exposure, etc.), and 
- with a mild climate, suffers (proportionately) least of all. 

7. Equitable Principles in Dealing with Rights. 

Where forest laws exist, there is usually provision for the; 
record of all forest rights, and for the definition of those which; 

* In the New Forest, the present tendency is for commoners to exaggerate their: 
rights at the expense of those of the Crown ; and in 1 894 they attempted to prevent 
the Crown from erecting a saw-mill and exercising other rights of ownership in 
the forest. In the Forest of Dean, since 1857, grazing by sheep is largely pract ised ;. t 
and it remains to l>e seen whether the Commissioners of Woods and Foiests 
,he able to Stop this practice, which is fast ruining the Forest of Item, for 
ben tunes the most productive oak forest in Britain. Sheep are not bwwts*o$»' 
Common by English law (see “ Williams on Bights of Common,” 1880, p. 232}| 
and no prescriptive light to sheep-grazing can arise in England *. the question 
Whether local feeling in favour of the commoners wiU be allowed to override 
l^ngdiQnaViaterest in this matter. ™ 



in indefinite ierths. It is hardly necessary f| 
•etnark, that every claim must be proved : the natural pre^j 
mmption is that the owner’s enjoyment is not limited — ‘it is 
tpy the person who asserts a right to any use or produce, 
[imiting the enjoyment, to prove it. 

|.;The forest estate should always possess the means of 
referring to documents conferring rights, and if there is a 
Serious doubt about terms, the sooner a judicial decision is 
obtained the better. Nothing is gained by “ letting sleep- 
ing dogs lie ’’—for in this case uncertain rights are not 
u sleeping ” ; they always tend to grow more difficult to 
settle, and are ultimately fixed in a form that perhaps was 
aever contemplated. 

It may be confidently stated that where indefinite rights 
nrisi all rational management is impossible until they are 
properly defined. 

• The forest owner has, in general, a right to share in the 
produce of the forest, along with the right-holders.* 

Attention should be paid (p. 64) to the legal principles 
Stated, especially as regards the limitation of undefined rights 
50 the actual needs of the person or dominant estate, and to 
ffiere being no right (in general) to a surplus which may he 
sold or turned to an extra profit. Also to the limit that cannot 
be exceeded, when the yield-power ( possibility ) of the forest is 
in question. 

&0 n the other hand it must be borne in mind that while the : 
brest right-holder has his obligations and must submit to 
|iose reasonable restrictions which are necessitated by proper 
conservative management, the forest owner has a duty on his 
side. He cannot adopt special methods of management (how- 
jSir desirable in themselves) that would destroy the rights'? 
f|d the working-plans should -be prepared with the express; 
|bject of providing for such rights as exist, and which 
specially in certain localities) are almost indispensable to the 
|iif&re of the present population. t 

jpNew rights ought never to be allowed (by neglect, etc.) to. 1 

g* See Baden-Powell, 14 Forest Law, 4 ’ p, 397, 

See “ Forest Law,” p. 294 where the correlative ngm. mw dunes or, we 
Ifcfct-holder and forest-holder.are discussed. 
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mm''v:p in forests even when there is no forest law which' 
pxpressly forbids such growths. Nor can the State or other 
lowner grant neic forest rights to the prejudice of old and; 
^existing ones. 

V ‘ , 

L.. 8. Protective Meamres. 

"v From the point of view of the forest owner, the following 
'/ measures are desirable 

; (a) Clear demarcation of the portions of the forest burdened , 

■ with rights, and those free from them or closed against,, 
-them; and maintenance of distinct boundary lines; also 
indication by ditches or sign-posts, otc., of lines of right-of- 
way for cattle, etc. 

(b) Careful record of rights-of-way, etc., use of water, as^ 
; well as those to produce. Where there is a forest law, it is ! 
probably provided how this is to be done. Besides which all 
working-plans of the forest must contain a schedule of the 
.rights showing:— 

(i) Title-deed, or other origin of the right. 

(ii) Exact description of personal holder or dominant estate ; 

and the exact name, etc., of the servient estate or part of it . 
affected. -> 

v (iii) The extent of the right, kind, number, quantity, quality, ' 
- season of exercise, etc., etc, ) 

l’ (iv) The mode and conditions of exercise, and whether any 1 
l particular duty is laid on either side (e.g. providing a compel 
■:/tenfc herdsman for the cattle, providing cattle-bells, or the i 
glorest-owner maintaining culverts, etc., for a roadway). 
jp (v) Any payments, or returns in labour, due to the forest-;- 
|&wner for the exercise of the right. . ? 

||: (vi) A notice of any obscure or disputed points. ; 

fe /-(e) Careful watching of the exercise of forest rights by the ; 
ipfcest guards and inspecting officers. But the caution already ^ 
Sven about irritating and vexatious interference should 
Pfiorne in mind. | 

P It is only necessary to add that where the rights are such-1 
phat the forest is seriously threatened, then efforts must be : ^ 
gjpaade to get rid of them by commutation or cantonment. The j 
lights should either be purchased from the right-holderfl 





ommutation), or a portion of the forest set apart in perpetuity 
\ a common lor their exercise and handed over as property to:: 
le body of right-holders (cantonment), and the remainder of- 
ie forest declared free of all rights. Such commutation, or , 
mtonment of rights in a State-forest require the sanction of 
a Act of the Legislature. 


Section III.— Special Account of the several Forest 
Lights. 

This section is concerned with some rules applicable to each 
articular kind of right, for which purpose the following list 
f “ forest-rights ” is givon 


1. Wood- Rights. 

(a.) Building-timber. 

(b.) Wood for industrial purposes and agricultural implements. 
(c.) Firewood. 

(d.) Softwoods. 

(e.) Dead, or fallen wood. 

(/.) Lop and top. 

(g.) Stumps and roots. 

(h.) Windfalls and broken trees. 

(i.) Dead standing trees. 


2. Rights to Minor Produce. 

(<t.) Bark. 

(b.) Turpentine and tar. 

(c.) Leaf-fodder. 

(d.) Grass (cutting or gathering). 

(c.) Pasture. 

(/.) Collecting acorns and beech-mast. 

( g .) Pannage. 

(k) Litter. 

(i.) Quarrying or digging pits for sand, gravel, turf, etc. 
(j.) Gathering berries, wild fruit, hazel-nuts, fjmgi, etc. 
ijkd Shooting and fishing. 



fl 


SbRESf'lmM 

Sundry Rights {Easements). 

\ (a.) Rights-of-way. 

(6.) Bights to water, water-channels, use of springs or wells, 
to water cattle at streams, etc. 

(c.) Rights to float timber. 

(i d .) Bight to burn charcoal, to stack wood, etc. 

1 . Wood-Bights. 

Under the above term is understood either a right to claim ; 
from a forest a certain fixed quantity of wood, or as much as, 
may be necessary for certain purposes. Such rights may, or 
may not, be subject to certain payments to the owner of the 
forest. It is generally stated what kind of wood is the subject 
of the right, thus, it may be building-timber, timber for. 
implements, or firewood. Sometimes the title-deed merely 
mentions “necessary wood,” under which term firewood is 
generally understood. The forest manager has the right of ; 
delivering the wood, and certain days may be fixed for its; 
removal. 

A defined right to wood is fixed as regards quantity and 
Eorm, and sometimes as regards species. 

When the species is not mentioned, the right-holder must; 
be satisfied with wood of the prevailing species, provided it is?! 
suitable for the purpose required. 

An undefined right to wood is limited to the requirements of 
the right-holder pr the dominant estate ; for instance, the actual ; 
bouse of the right-holder, not his sheds and farm-buildingl 
(unless those are equitably included). 

The owner of the burdened forest must manage it so that* 
ihe wood which is the subject of the right may continue to be* 
produced. For instance, where there is a right to building** 
timber, the forest cannot be converted to coppice. „ | 

The right-holder may not sell his wood, but must use it fo?| 
the purpose for which it has been granted to him. 

a. Budding-Timber. 

The supply of Wlding timber to right-holders should be 
airly proportional to the number and size of the buildings 



Ipefi 'existed at the time of the acquisition of the right. Olteij 
the right applies only to woocl for the exterior of the house 
[mt may include wood for wainscots, windows and doors. 
I.When repairs to a building become necessary, a regutai 
Estimate of the- requisite amount of timber should be drawE 
UJ> ; and the wood must be used within a fixed period. When 
a new house is being built, all still serviceable wood fronr the 
old house must be deducted from the estimate. It is usual 
for the right-holder to pay the cost of extraction of the wood, 
even though he pays nothing for the wood itself. In the 
Himalayan forests, right-holders usually fell the trees an<] 
convert the timber for themselves ; in some cases the right, 
holder is allotted annually a certain number of trees for house- 
repairs or building ; in other cases the right-holder is put down 
as being entitled to what is needed on application, for the par- 
ticular work. Account has here to be taken of the ignorance 
of the people, and their ancient but wasteful habit of preparing 
beams with the axe or adze — chipping away a whole stem foi 
one beam. By loan of saws, and by issuing suitable beams 
to&ady prepared, it may be possible to overcome this defect 
•which leads of course to much waste of material. 

|v The work of ’the forest staff is considerably burdened b] 
.rights to building-timber, as the corrdtness of the estimate! 
■has to be tested, and the amount of wood granted to be enterec 
ion special registers. It is clearly the duty of forest officer! 
j,who manage large areas of State or municipal forests subjec 
JjtO rights for building- timber, to know thoroughly the customarj 
toms of building of the locality and the proper dimensions o 
IbOams and other timbers used in the construction of houses 
j$r they may be called upon to grant much larger quantities o 
^mber than is necessary in particular cases. 

b. Wood for Industrial Purposes . 

This right (as claimed) may be defined, or not, in its nature 
$ extent. In general, it comprises timber required fo; 
Jinary agricultural and domestic objects, such as wood fo 
tie, ploughs, hop-poles, vine-props, etc. Wherever the righ 
undefined, the quantity should be fixed, so as to correspond 
the amount required at the time of acquisition of the r$|jt 



Extent of hop-garden, vineyard, etc, This rignc, n maenmte 
^interferes greatly with the development of the revenue of « 
forest. 

\\ " r. Firewood. 

'f Bights to firewood (as claimed) may be either defined 01 
indefinite, and in the latter case the amount granted would be 
.only what is required for the household of the right-holder 
including such ordinary household requirements as heating 
cooking, washing, baking, drying fruit, etc. Requirement foi 
industrial purposes such as distilling, etc., is not included, 
As a rule, the wood is prepared by order of the owner of the 
forest, and must be taken from all dassos of firewood in due 
proportion, split and round wood, dead wood, stump-wood 
and faggots. Occasionally the right-holder is permitted to 
cut and remove the wood, especially where it is brushwood or 
small coppice stuff. 

In case a forest burdened with this right should he damaged 
by some calamity (storm, insects, etc.), which causes an 
excessive yield in any particular year, then several years' supply 
of firewood may he granted to the right-holder, in advance, 
but the latter cannot claim this as a right. 


d. Softwoods. 

Where the right is to “ softwoods,” termed in France hois 
blancs, in Germany, Weichholz, the question is to decide on 
the meaning of thyp term. It may be interpreted as including 
inferior softwoocP species which are not the, object of the 
"management of thelforesfc, and therefore only appear in trifling 
Quantity, and can never get the upper hand under a proper 
treatment. The following species are generally included under 
'this head : — Aspen and other poplars, the sallow and other 
;jwillows, limes, hazel, thorns and other shrubs, sometimes 
l|lso -alder and birch, even Scots pine : mostly trees which 
||>ring up amongst young growth, and are removed in the 
Impinge. 

e. Fallen Dead Wood . 

All dead brandies and twigs lying on the ground, and 
from fal ling s which the owner does not require, are 



generally included under this heading. In some cases aisc 
included dead branches, which can be broken off by hahc 
standing trees. In many forests, dead standing step 
|p to a certain girth are also included, and stump- wood 1 ai 
JSell. The meaning of the term fallen dead wood must there 
tore be decided locally, but it is rarely taken to include saleabli 
“Mon timber. This distinction is thoroughly recognised ii 
North-Western India. Cutting tools must generally be pro 
'hibited, but a wooden rake may be allowed for collecting th< 
'fallen dead wood on the ground. If there is only a smal 
quantity of dead wood available in a forest, the right-holde 
Cannot claim other wood to make up a full supply. The sal 
of such wood is not usually permissible, as the servitude i 
for nonsehold requirements. 

' Within properly regulated limits this usage is only slight! 
.hurtful to a forest, though all dead wood eventually become 
humus. 

/. Lop and Top. 

This right is generally to the crown of a felled tree from th 
place where the stem is cut off by the woodman, at a certai 
jfjxed girth, and to the lower branches lopped off the sten 
The right-holder cannot take possession of the wood nnt 
the stem has been severed from the crown. The only Beriou 
disadvantage caused by this right to the owner is that b 
cannot well manage his forest as Coppice, or Coppice-witt 
Standards, as the greater part of his produce would then g 
to the right-holder, . 

If, however,* the right-holder has the tight of lopping th 
$rown from standing trees, great injury will accrue to th 
forest, In such a case the right must not be exercised durin 
the growing season, and only in compartments where the tret 
fee ripe for the axe, and at a certain height fgxn the grount 
^ particular form of this servitude is the ®ht existing i 
Certain forests to lop birch-trees for brooms. 

g t Stumps and Hoots. 

r This right is admissible only in High Fp^est, and the owm 
cannot then convert his forest into Coppice, or Coppice-witl 
$te*$ar4& ; 
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Unless it is distinctly laid down to the contrary, the owne 
pin fell his trees as low as he likes. The right must b 
Suspended wherever its exercise would damage the forest, a 
aor instance in regeneration-fellings well stocked with yonn 
l^eedlings, on steep slopes where landslips or erosion are to b 
feared, or on shifting sands. Sometimes the right-holder i 
pnder the obligation to fill up the holes made in extractin 
.the stumps, and to*sow or plant-up the ground. , The rigb 
may also be limited to certain months, days, or hours. 


h. Windfalls and Broken Trees. 

’ The right may he to all or merely to certain categoriei 
of this material, wood broken by wind, by snow, or rime 
Trees which are bent down, but may recover themselves 
are not included, nor are portions of trees still rootec 
in the ground. The right can extend only to single tree* 
broken here and there, not to whole woods broken down anc 
uprooted, as occasionally happens by an exceptional storm ot 
calamity which is not in the contemplation (naturally) eithei 
of custom or a grant. The right-holders may use implement* 
to convert the timber. This servitude is not of sylvieulturai 
importance, 

; u*. Dead Standing Trees. 

fc* Poles and trees which have died naturally are included in 
this class, and care must be taken to exclude all those which 
isaay have been killed intentionally by damage, girdling, etc. 
■This usage gives rise to trouble between the right-holder and 
$fee owner, as the latter will endeavour to remove dying trees 
Ij&fore they are actually dead, and the former to claim trees 
Opt yet quite dead. To prevent such contentions it is better 
to fix definitely the period at which thinnings of 'dead wood 
earn be commenced. 

lJ;As in the fortner q^e, when a large extent of wood is killed 
tkinjuries from storms, etc., the produce is not the property 



2. Right 8 to Minot Produce 

a. Bark. 

' In Europe this right is generally restricted to the bark of 
irees yielding tannin, such as oak, spruce, larch and birch. 

The bark can be claimed by the right-holders only from 
felled trees in regular fellings. The right may be either by 
quantity or by number of trees, or commensurate with the 
requirements of the right-holder. The owner must fell during 
the growing season when the bark can be easily removed. 

Lime-bark, or bast, for cordage and matting is sometimes 1 
subject of a right, and then similar rules must be follow ^ 
In India, bark of Betula Bhojpatra is used for making 
umbrellas and paper, and the bark of mftny species of trofi 
for ropes and cords ; all these may be subject to rights. 

b. Turpentine. 

Bights to tap the spruce' or the Austrian pine for turpentine 
frequently exist. The number and size of the trees to be 
tapped, as well as of the cuts to be made in each, ma| be 
defined, or not. In any case the usage must be restricted tc 
nearly mature woods, and there should be a close-time betweer 
successive tappings of the same tree, the season during whicl 
the usage is permissible must also be fixed. « As turpentine ii 
usually an article of commerce, it may be in the nature of thi 
right that there is no restriction to household requirements 
ior as to the sale of the produce. 

This is a most hurtful servitude, as tapping for turpentine 
especially in the case of the spruce, results in a loss of incre 
nent, and lessens the quantity of timber in the base of tb 
tree, and also introduces spores of fungi and insects into th 
rcood, causing disease. 

c. Leaves for Fodder , etc , 

This is the right to pluck leaves from trees, especially 
feeding cattle in stored and Bimple coppice*, Implement 
may not be used, nor can twigs be broken off. If the dema|i 
jfer leaves cannofcbe supplied from the’ regular fellings, 
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pertain compartments may be opened for plucking leaves ,a 
far from the ground as the hands can reach, but only afte 
late summer. 

- In various parts of India leaves of forest species are use< 
;for cattle-fodder, for thatching, for wrapping up goods at ; 
market, as plates, for making umbrellas, cigarettes, etc., o 
for manure, and sometimes these customs may have becom 
prescriptive rights. In such cases protective rules similar t< 
the above should be enforced. 

: Where foliage and branches are lopped for litter or fodder 
as in the Himalayas and in other parts of India, where, owinj 
to the absence during winter of fodder -crops or natura 
herbage, leaf-fodder is wanted, and a prescriptive right hai 
been acquired, it is by custom limited to certain species, ant 
-certain protective measures can be adopted. These are 

(i) No lopping to take place till after the principal growl! 
of the year is over. 

(ii) To restrict the usage, as much as possible, to wood} 
climbers and species of little value as timber-trees. 

(iii) To forbid the lopping of the leading shoots of the 
trees, and to restrict the lopping of side-shoots till they have 
attained certain dimensions and only to a certain height u[ 
to the stem. 

(iv) To give the trees a* rest so that the same tree is nol 
lopped in two consecutive years. 

(v) Should the right apply to more valuable timber trees it 
should be restricted to compartments which will shortly be cut 
f hver. The use of leafy twigs and branches of trees felled in 
She ordinary course cannot harm the forest. 

If (vi) Where the demands for this kind of fodder or cattle- 
litter are large, and cannot otherwise be met, a regular system 
pf pollarding should be introduced, with a4xed rotation giving 
$jbe trees time to recover between successive cuttings. Such 
i system prevailed in Epping Forest prior to 1878, when the 
ilghfc was commuted. The loppings of hornbeam-pollards, 
|| which this forest is chiefly composed, were not, however, 
lied for litter $nly, J^t also for making fences, hurdles, etc., 
W then a rotation of ten years was fixed ; in the former case, 
^irees werelopped annually. 
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termed rob, as manure in rice- fields. Here radar rules 
Should be adopted as long as this practice is allowed. _ , 

T (vii) In every case where leaf-fodder is used by right- 
^holders, the people should be induced, as far as possible, to 
cut and preserve hay or ensilage, or to grow root-crops for t e 
: winter-fodder of their animals. Leaf-fodder from forests will 
always prove a valuable resource when other fodder fails, 
as was the case in France and Germany during the drought 
Of 1898. 


d. Grass for Fodder , Thatch , etc. 

Bights of cutting grass are also of very common occurrence 
under the coppice systems, and they should be limited according 
to locality, time, and mode of exercise, the limitations which 
prevail varying according to local law or custom. They can 
commence only at a certain age of the wood, and the close- 
time must be regulated according to species, and to specified 
days, when the forest guard can supervise the grass-cutting. 
Sometimes the grass must be plucked by hand, or sickles or 
scythes may be used; the latter instrument is evidently nol 
admissible amongst young plants; If .properly regulated and 
supervised, this usage does little or no harm on moist fertile 
soil, and may even assist in fire-conservancy by removing fl 
great source of danger, and also prove useful during th< 
^production of the forest. It is also often usefully allowec 
s a compromise for grazing when that cannot be allowed 
nd yet the stoppage is a hardship. 


e. Foi'est Pasture. 

This right allowsrtthe holder to graze his own cattle on 
passes and other herbage springing up in a forest beldngj 
ag to some other person. The right |g cut grass is nd 
deluded. The forest owner has the powspof closing certain 
ms in his forest, but cannot introduceSfemges of the 8g|tefl 
d management which will prejudice the right/ v v J 
The species and number’of grazingfjwfats may H define! 



/ which are highly detrimental to forei 
|rowth, must* be excluded, as in France they are by law, i 
Ipite of any right to the contrary, If the number of beasts 
limited, sucklings are not counted in the total imrabef admittc 
to graze. Should the number be undefined, as is generally tl 
case, only so many head should be admitted into the forest i 
can be provided for* without serious injury to the forest 
Unless specially stated, cattle intended for trade cannot sha 
in this right. The right-holder must engage a herdsman 
look after his cattle and is responsible for his conduct. Tl 
beasts can enter and leave the forest by authorised paths onl 
The fencing of closed areas is not obligatory on the fore 
owner, although fences prevent much contention and furth 
his interests. The right of grazing his own cattle in his fore 
appertains, in every case, to the forest owner, unless tho co] 
trary is specially laid down; but he cannot graze them 
portions of the forest that are closed to the riglit-holdet 
cattle. 


/. Atoms, lleech-Maxt, and Fruits yenmilly. 

The kinds of fruits to be collected will ordinarily he specif! 
in the deeds regarding the right. The fallen fruit can 
picked up only in compartments opened to the right, and < 
fixed days ; the right-holder is held responsible for all damn 
done to the standing-crop. Plucking the fruits, and the u 
of iron rakes to collect it, are forbidden, and the usage must 
'limited to household requirements. Compartments, the fn 
Jdf which is required for natural regeneration, can be clos 
/against this right, which does not include the right of paiimq 
These rights do little or no damage to the forest. 


This is the right to drive pigs into another person’s fow 
||o feed off the acorns and beech nuts, etc., lying on the gram 
fW the right of collecting the fruit by hand is not included. 
IjT'An estimate of the quantity of mast in any year on whi 

K* The possibility of ^inhibiting goats in India is discussed in “ Forest La 

|||| j8ge f ” as to the rules for fixing the number. 



ie Dumber of pigs to be admitted into a forest shonldbe bas$F 
be prepared by an expert. The right-holder can only 
|nv#his own pigs into the forest, and the forest owner has an 
Iqual right. The pigs should be withdrawn when most of the 
moms are eaten, or they will damage the forest. Thig servi- 
tude does little harm, but is becoming rare, in Europe, asstall- 
teeding of pigs is more profitable. Pannage is still practised 
in the New Forest (vide p. 81 ). 

h. Litter. 

!' Litter to which right-holders are entitled may be defined or 
indefinite in amount, and may also be of special kinds ; dead 
leaves and moss, weeds, etc.— in short, the right to strip the 
surface of its covering down to the soil may be implied. 

An undefined right to litter means the right to take what is 
sufficient for the requirements of the right-holder, and in this 
amount, straw from his own lands must be reckoned. Owing 
the prejudicial nature of this right on the fertility of the 
forest, it must never he stretched so far as to include the 
whole of the litter a forest may contain. 

The necessary limitations as regards locality, time and 
manner of exercise of the right have been already given.* 
Sod-cutting should never be allowed, except from blanks, as 
where trees are standing, the roots would be exposed by this 
practice. The exceptional hurtfifiness of this right to the pro- 
ductiveness of a forest, and the possibility that it nui^ lead to 
its complete ruin, render it most essential that the forest 
should be freed from it by purchase or otherwise. 

!t 

t. Quanting or Digging Pits for Sand, Gravel, Tttrf, etc. 

- Eights to stones, gravel, sand, turf, etc., in another’s forest^; 
m extend only to places where the standing-crop and roads 
in no danger from the right. Places for reception of refuse 
£pm the works, and export-roads must be designated. 

^These rights, if properly regulated, can do no injury wortfc 
ifejfcning, to the forest*: 



fOBESTRIOHTS. 

Collecting Berries etc. 

^ The right iB alw&jfs unlimited .in amount, and cannot b 
limited, as the produce is generally collected for sale, Excep 
in the case of digging up truffles it is quite harmless to th 
forest, and need not be interfered with beyond fixing dates fo 
its commencement and termination in any year. 

Truffle-hunting, which is carried on with the help of i 
3pecial breed of dogs resembling poodles, must bo prohibits! 
on the site of fellings, or amongst young growth. 

k. Shouting and Fishing. 

The right to kill game on another’s property has beei 
abolished by law in Germany; There, this right is not bourn 
up with the ownership of the land, but is permitted only to ai 
owner when his estate exceeds a certain area. It frequcntlj 
happens, therefore, that the right of shooting on a number o 
small estates is leased in one lot, and the proceeds divided In 
the owners. In England, the Crown possessed rights to tin 
game in certain manors, after it had parted with the othei 
manorial rights, or actual property of the land, but thesi 
rights have now been surrendered, as in the Epping Forest 
Baden Powell* states that in India no prescriptive rights t( 
hunt in the State forests have ever been admitted ; thougl 
people have always killed game in the forests, no right can hav< 
ordinarily become customary, for it is not necessary to tin 
existence of agricultural villages, or communities, as is tin 
case with grazing or wood rights. The question of hunting 
with rules for the protection of game during the hreedinj 
season and wiien immature, is dealt with in different country 
tinder special laws. 

Fishing rights t in forest stjeams may exist, and are deal 
with by special law's regarding fisheries. The.se have chief!; 
reference to close-times during the breeding season ; and U 
protecting immature fish by fixing a minimum-sized mesl 
where nets are allowed ; also to prohibiting the poisoning o 
Streams, and other unsportsmanlike ways of catching fish. , 

, “ forest Law” pp! 988, 364. 



y, mnary nxgmt [^asemenis], 
a. Righti-of-Way. 

Rights-of-way i f too numerous in a forest may tend to 
Hamper the management, especially by causing danger from 
ire, and increasing the cost of fire-protection. It is therefore 
Important to prevent new rights-of-way from arising by pre- 
scription, and where the law permits, to close altogether roads 
paths which may have gone out of use, or others for which 
^ more convenient substitute maybe found. These rights 
may be subdivided into rights to footpaths, cart-roads (the righl 
'pi : removing timber over the land of a third party), or drift-road t 
^for the passage of cattle),* the second category sometimes 
including the third. * 

!’ In all these cases the question arises as to tiie legal breadth 
nf the way, and whenever this is uncertain, it should be deter- 
mined with reference to the breadth of the way required bj 
;:the circumstances of the case, and according to local custom 
The right of removing timber over anotner’s land can be 
exercised only when the crops on that land would not be 
prejudiced by so doing, i.e. when the land is fallow, or wher: 
frozen, during winter. The right-holder whose cattle pass 
along a road to pasture, is responsible for any damage done 
to the forest growth beyond the limits of the road; and the 
owner of the forest, according to circumstances, may or maj 
not be compelled to protect his forest by ditches, fences, oi 
hedges. 

h. Rights to Water, 

l Rights to water generally refer to the servient estate 
receiving the drainage water for a dominant estate, or allowing 
^Otbt obstructing) the flow of (useful) water from the servient t< 
the dominant. Sometimes it includes allowing a canal-cut, 0] 
irrigation channel being taken across the servient estate, ir 
Iffhich ease the maintenance of the water-channel is th< 
business of the right-holder. Rights to use springs or well! 
‘ft another person’s forest, or to water cattle at them, all o 
ijbich involve rights-of-way through the forest tp the source 
be water, are also included* 
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PART II. 

protection against animals. 




PROTECTION AGAINST ANIMALS. 


INTRODUCTORY REMARKS. 

The Question of the usefulness or hurtfulness of wild animals 
indigenous in Europe may he considered from a forest, sporting, 
or agricultural point of view. Under Forest Protection only 
the forest point of view will be considered, but even under this 
heading some difficulty will be experienced, for the following 
reasons* : — „ 

1, A number of animals aye at the same time both useful, 
and injurious to forests. 

2. The degree of utility or harm done by one and the same 

animal differs according to its age, to local circumstances 
(season of the year, condition of the woods, etc.), so thaj it 
is hardly possible to lay down definitely that certain animals 
are absolutely injurious, or useful. Thus, the fox, though a 
great enemy to barn-door fowls and game, may be very useful, 
especially in a broadleaved forest, which suffers more than 
coniferous woods from rodents. Thrushes and blackbirds in 
spring and summer feed mainly on worms and insects, but in 
autumn chiefly on berries. The cuckoo and hats are always 
useful, while bark-beetles, the-N un-moth and other insects are 
'absolutely injurious to forests, * * 

; 3. The utility of certain animals to forests may be direct, [ 
'Or indirect. Thus the jay may be directly useful by carrying 

p, * Intentional introduction of exotic animals to combat insect pests have not 
;klways proved advantageous. Thus, European sparrows were introduced into' 
Jthe N.-E. States of America in 18W and 18(17 to destroy canker-worms. The 
;i«parrow8 are nov^ an unmitigated pest throughout N. America, while the canker 
$vonn has been replaced by a worse insect, which the sparrows never touch. 
Similarly the mongoose was introduced into Jamaica in 1872 to destroy the cane* ! 
^jece rat. This it did in ten years, but since then it has proved most destructive , 
||b ground-nesting birds, to insectivorous reptiles and batrachio, as well as to fruits 
Ipthd, vegetables, sjj that the mongoose does much more damage than the rat. On . 
pts. Other band the Austfalian ladybird ( Vedalia cardinalU) introduced into j 
ipEpta in 1889, has saved the citrus-growing industry from the cotton^ 



iSoStabSinirind dropping them' in the 
liihimals and many birds and insects are indirectly usef|i 
fe destroying injurious mice or insects. v 

p4. The injury done may also be direct or indirect; th#J 
former consisting in damage or destruction to forest produce,!:, 
pie latter in killing useful species. Most destructive kinds 
pf animals are either mammals or insects, while birds are < 
g«ierally useful. .{ 

"• £>. The amount of damage done to the forest depends on 
the species causing it, the local conditions, the season, etc.,* 
It is generally in inverse proportion to the size of the animal; 
the little bark- beetle, on account of its rapid increase and 
steady working, doing more damage to a forest than the large 
red-deer, The woodpecker is a good instance of the difficulties 
of deciding as to the amount of harm or good done to a forest, 
by a particular species. This bird is useful in destroying 
numerous insects living in wood, but it sometimes damages 
healthy trees by boring holes into them, while these holes 
wif be useful if subsequently occupied by bats or starlings, 
but injurious if occupied by stock-doves. 

Protective measures in the case of animals may be either 
preventive or remedial , and will be dealt with under the following 
heads 


Mammals /Deer and wild pigs. 
lEodents. 

Birds. 

InsectB. 


. As already stated, the present work can deal in detail only 
with European animals, but it may be mentioned, that in 
India, the Nilgai (Portax pictus) and the common antelope 
{Antilope bemrtica) do much damage in coppices and plan- 
Rations adjoining agricultural land ; whilst among birds, the 
pheasants and jungle-fowls do similar damage to that by grouse 
in Europe* For a fuller account and especially of Indian forest 
bisects the reader is referred to “Indian Forest Zoology,”* 
fey 1, C* Cotes, also “ Injurious Insects in Indian Forests,”*; 
M other works by E. P. Stebbing. 



CHAPTER t 


PROTECTION AGAINST DEER AND WILD PIGS, 

Section L—Geneual Account. 
h List of Injur ion# Species. 

Red-deer (Venus elaphus, L.). 

Fallow-deer {Damns vulgaris, Brook), 

Iioe-deer (Varus r up r coins, L.). 

Wild pig (Sus scrofa, L,). 

2. Damage Dona* 

The above-named animals injure the forest by eating th,« 
ruit of trees, biting-oil' buds and young shoots, trampling 
lown seeding**, breaking-off leaders, bending-down stems 
marking poles, exposing and gnawing roots. Further detail* 
egarding the damage will be given under the headings o 
>ach species. 

The consequences of the damage done consist in loss o' 
ncrement, stunted growth, diminution of timber as compare! 
with firewood, increased danger from insects, fungi, storms 
mow, etc. Hess considers it advisable to keep down th< 
>easts by the effort of the Forest Staff, and not to lease thi 
shooting in forests, as this usually leads to inordinate 
lumbers of deer, etc., and to great injury of the growinj 
woods. 

• 8. Preventive Measures. 

The chief preventive measures are 
(a) Formation in High Forest of large, connected regenera 
|ba*areas; small clearings in which game has not sufficien 
ancl shrip-lellings near thickets or poles where the gam 
|abiumlly remains, suffer most of all. For sylvicultural reason^ 
fe&ngtMees are not permissible. Period 
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(I b ) Specially valuable trees should be separately fdlced-m 
>r protected by rough stakes with the jagged ends of branche 
)utside. Thorns, bad-smelling substances, or wire-netlinj 
may also be used. 

(c) Scarecrows may be set-up in endangered localities, o 
logs brought-in, blank-cartridges fired, etc. The scarecrow 
must be altered from time to time, as* the animals ge 
accustomed to them. 

{d) Shooting-down the game to a refected number wind 
die forest can hear. Game need not he exterminated, and th 
chief difference between modem and old times consists in th 
fact that formerly the forest was managed for the game, bu 
low it is recognised that the admissible quantity of gam 
must he proportioned to the interests of the forest. 

Section II.— Kiod-Dkkr. 

1 . Vamwjc Done, 

The damage done by red-deer consists in eating fruits 
^ browsing, peeling, rubbing, trampling, etc. 

i: 

<t, Eatiwj Forest Fruits, 

f , The red-deer eats all kinds of fruits, but especially acorns 
|beech-nuts, chestnuts, mountain-ash berries, etc. Acorns ar< 
jfbften beaten-out by the deer with their fore-feet and eaten 
||n& sowings may lie thus completely ruined. 


deer bite-off buds and young shoots, ohiefly from lai 
prUtumn till spring, and occasionally devour foliage in tin 
nbr, * , * 

pl'fhe following species are preferred by 1 red -deer : aspen 
j&How,- ash, oak, hornbeam, belch,* maple, hazel, am 
fcmongst conifers the silver-fir and* larch; the birch, alder 

Itl the ArdeniWfi- annarantlr leave hmvtk oJnne 



' ' K ?7-*r Vi ' "jrsr*$ 

pifie, and spruce are least liked, but 
&nees, such as a mixture of species, system of management^ 
|owtLof grass or supply of fodder, greatly influence the 


damage done in any particular case. , Deer andE 
|attle are fond of tasting new and foreign species introduced! 
jjmto a wood. 

pgia, times. of scarcity of fodder, young ‘plants protruding 
^trough the snow may be completely browsed-down ; in; 
Itfound-planting this is especially noticeable. 
t\ Overshadowed plants are less freely browsed when compared 
With those growing in the open. Old stags and hinds do more 
flamage than fawns,# they can reach higher. Southern and 
[western aspects suffer more than northern and eastern ones* 
"as the deer frequent the former in the winder. The lower 
parts of the warm aspects bordering on fields suffer most, as 
luring winter the deer crowd together into such places. Here 
be found those rounded, bush -like plants due to the 
formation of numerous side-shoots, exposed every, 
ar to the bite of the deer. The young plants also suffer 
i in frost localities, on account of their slow growth. Of 
Ipreftt influence on the amount of damage done are the degrees 
P recovery shown by certain species, due to power of repro- 
duction, rapid growth, and also to local circumstances. Beech 
find hornbeam recover well from browsing, although the former 
goes not reproduce well from the stool. Oak when bitten alsd 
plows great power of recovery, the ash and maples lees, alscj 
Ifeonifers, among which the silver-fir has the best power oi 
Recovery. The bite is, however, never clean, the deer having 
pp lower incisors, so that recovery is difficult. Obviously* 
iuick-growing trees on a rich soil, make the best recovery. ; | 


A Peeling Bark 

yk bp kind of damage done by red-deer consists in peeling 
1% trees, which is generally, but not always, eatei| 
Is commoner in wggdlauds with a large stock of dee| 



oe Swing species are thus attacsea : 

b««h, hornbwin. » f K >»* 



{Reduced.) * 

*22. —Oak sapling, 
jpMK) years old, 

^'iy wd-deer. 


{Reduced.) 
Fig. 23.— Summer* 


Fig. ai.-r-WiMter-F 6 
’on 40 — 50-year 
spruce. 


f Spruce, from 20 to 40 yjwj&jjj “ J’Cs o’ld 

^oppice-shoots «epre e«d, ^ 2Q yearf( 

stacked. V . d ^ell-thinned comp 
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Fig. '25.— Transverse section of a spruce-stoni peeled iu summer (reduced). 


nifouglt the strip of bark from below, hold it with their teeth 
iind then, walking backwards, and raising the head, strip it ofl 
h long pieces, which cause serious wounds in the tree. Theh 
|ftgth may be 6 feet, and breadth from 2 to 6 inches, and 
toy may reach down to the roots, but generally stop at about 
| feet above them. 

| : Winter-peeling is generally .less serious, the deer gnawing 
ill and eating pieces of the outer bark, leaving the bast and 
j&rfc o! the bark between the bared strips. When deep snow 
is on the ground these wounds may be pretty high up the 

^Peeling is generally done in the momingjafter the deer hay* 

m *,mh 



RBD-IIEKR. 
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loss of 





MiilSiBPpSifng ‘gfaet tree 'to' toe formation w- m 
^tiiious buds from below the wound, and frequently tfi 
[bcay, such as red-rot in spruce, or Peziza Willkommii in larcl| 
fhe sterns which have* been attacked become unserviceable 
|$epfc for fuel, and the tree often gets broken by wind or snow 
j$ or just above its injured portion. Insects, such as bark' 
Reties and wood-wasps, frequently attack the tree, which wil 
Sgb if completely girdled. . < 

| Such injuries to broadleaved species are soonest healed ii 
lie case oij$he oak. In favourable cases only little damage ma] 
be done, leaving small local traces of decay (Figs. 26 apd 27) 
| The newly-formed rings of wood, however, never completel; 
Repair the damage when the sapwood has been exposed 



t Fig. 28. — Transverse section of a 60 — 80-year *old spi-uce, which has been 
t-. w t ¥ occluded after being peeled by red-deer. 

li^tigh they may occlude it. Wounds of the ash also- recow 
fopidly, although the wood of this species is easily injure* 
|eech au4 hornbeam recover. with greater difficulty, and ti 
|aple more slowly still. 

I&mongst conifers the following scale is in descending ord< 
I power of recovery 5 — • .V 

^Silver-fir, larch, Weymouth and Scots pines, spruce. Sue 
Ithprb^ft^fipvery as is shown i*Fig. 28 is very' rare, ^ ? 




gravity of the 
lamage done depends, in 
other respects, on the size 
of the wounds', the season, 
repetition of the injury to 
the same tree, age of the 
wood, * and nature of 
locality. Bummer - peeling 
is. more injurious than 
winter-peeling, although in 
the foi^ner case the anti- 
septic nature of the outflow 
of turpentine is- to some 
extent a compensation. 

At the commencement of 
Bpring most damage is done 
in this way. The younger 
(lie wood, the more fertile 
and moister the soil, the 
picker the damage is 
repaired. 

" Bark-peeling by red-deer 
IS a new habit ; as long as 
mixed woods under the 
Selection system and cop- 
pice-with-standards offered 
plenty of nourishment, the 
3eer left the bark alone, 
put the present density of 
growth, which excludes 
grass, and the substitution 
)f conifers for broadleaved 
species, have rendered 
[odder scarce in the forests, 
imd it is possible that the 
leer eat the hark medicin- 
ily, as w<*il as from 
ftmger, and also ‘partly 
■rom sportiveness. ; ' ’ * 

■tL&dbv er ' .JVjfc,. V-.'v, 2 ‘i-W V*. .. r ,Vk , 



i’ig. 29, — Spruce sapling* rubbed 
by rwbdeer, 



ijThe stags rub their antlers against trees to remove the 
velvet at the end of July and August, generally by night, and 
»hey select for the purpose slender smooth, poles of lime, 
^spen, sallow, larch, Wey mouth-pine, silver-fir, maple, etc,, 
especially when these species are scattered among other forest 
growth. Scots pine poles are also injured in this way by 
leer in the Ardennes. 

Stags also strike their antlers against trees at rutting-time 
in September and October, and before they lose them in 
March and April. The damage done in this way is less than 
by peeling, as the same trees serve over and over again for 
the purpose. It can readily be distinguished from peeling by 
the filaments of bark which occur on the wound, and by the 
hairs of the deer adhering to it, from the deer’s habit of 
rubbing its neck on the peeled stem. 


e. Trampling. 

i Damage done by trampling is confined to young growth and 
sowings of conifers ; 1- and 2-year -old ^plants on steep slopes 
with loose soil suffer most of all, being frequently uprooted. 


/. Toial Amount of Damage. 

; More experience is ‘required regarding the total amount of 
damage done to forests by red-deer. A forester who is at the 
laityb time a sportsman, should endeavour to ascertain clearly 
ike amount of sacrifice of income his sport involves, so tha| 
he may be able to keep the number of deer within proper* 
pnits. Until the damage done under certain circumstances 
|as been properly observed, sympathy with sport, or antipathy 
to it, give the question a wide range. It may not be possible 
& estimate the proportional amount of damage done respec- 
||ely by browsing, peeling, trampling, etc*, but in a forest 
Kjuented by deer, certain compartments might be fenced and 
phers left open, and comparative yield-figures ascertained^ 
“i which the extent of the damage done, in the latter caw, 
' be deduced. . %, 


Vi* 



pStam red-deer, Ihrig states that in the Odenwald, it 
Eulbach, 81 per cent, of the normal yield of hay is lost 
annually by the grazing of red-deer, the loss being estimated 
at 6 cwt. per acre, or 3J cwt. per head of deer, worth *24*. 
(F. u. J. Zeitung, 1890, p. 451). The Exmoor deer feed 
chiefly on the adjoining farm-crops, the damage they do being 
wy considerable. 

2. Protective Measures, 

Besides the general rules given above (p. 84), the following 
special rules relate to red-deer : — 


a. Maintenance of a Moderate Number of Deer, , 

A sufficient number of deer must be killed annually so that 
the stock in , a forest is not incompatible with economic 
forestry. 

, As the term moderate varies with the species of tree grown, 
the system of management, locality, nature of boundaries and 
grass-production, it is impossible to give good average Iigures. 

' According loO. L. Hartig. on 2,500 acres of forest the 
stock of deer in the spring, before the young are born (May U 
June) may be as follows 


Hr ond leu fed 
Hed-deer. lloe*. Wild 
Forests IwnleriiiK on other 
' forests . • • . H ... H , . 4 

Forest* bordering on fields . 4 ... S 

Forests surrounded by fields . 2 S 


( imi/ennu burnt. 

J ted -deer. Her*. H't/t 
Pig* 

12 ... IS - * 

1 ... is ... -■ 

2 ... 12 ... - 


I Eatzelmrg considers 16 red-deer per 2,500 acres the prope: 
dumber. In Corapidgne forest, 20 deer for 2,500 acres an 

Allowed. 

f : Prince Charles of Schwartzenburg states that m Bolierni 
|g to 85 bead of red-deer are admissible, and places one red 
leer as equal te, two fallow-deer or four roe-deer. 
fiombrowski allows 40 head. These figures approach tboa 
lor a forest overstocked with deer. Unfortunately as many a 
line bead per #5 to 40 acres of woodland occur m many fores! 
|tt Thuringia, the Harz and Taunus, so that economic forestr 



turnips, acorns and chestnuts are best. Baai^fligf| 
Should be mixed with the food, as already stated (page 98)4 
feeding only with hay or leaf-fodder causes the deer to fall-off| 
[in health, and prevents the formation of good antlers, whilst- 
.^acorns are best for the latter. The fodder should not be givetf v ? 
iW felling-areas, nor near recent thinnings, as the deer loiterj 
?ibout near the feeding-places and cause damage. Owing to| 
(the scarcity of food, antlers in the Highlands of Scotland are\; 
jWery poor when compared with Continental antler's, or those" 5 
Ifrom English parks, or from Exmoor. 


c. Fences against Red- Veer, 


xnese snouianot he less than 7 feet in height, and on slopes 
mother foot may be added to prevent the deer from leaping 
ihe fences. ■ , 

d. To Prevent Browsing. 


Young forest growth may he sprinkled with blood and cow- 
^dung, or open jars full of blood buried in the ground. Coal- 
-tar may be lightly painted on strong young conifers, excepting 
jjfcbe buds. It is best done by passing the shoots lightly 
^through the hand covered by a tarred glove. This should be 
|4one from September till November, and repeated when 


(necessary. The spruce stands this treatment less well than 
|ihe Scots pine, and broadleaved species suffer from the 
practice. The cost is not high, about 2s. fid. an acre, including 
&e purchase of 6 lbs, of tar. A woman can tar 860 plants $ 


pi hour. 


Broadleaved species may bedaubed with the following 


inmage grease . .5 lbs. 

Ctroleum , ' % . . 2J quarts, 

.lum . .v. .fib. 

allow , ... f lb. 



|lop*i and 8,000 plants on level ground. This gives better 
'results than tarring the plants, and the lime apparently does 
ithem no injury, liefuse hemp may also be lightly placed 
lover plants, as it clogs ' the teeth of the deer and has proved 
inefficacious. 

e, Measure* to Prevent Peeling. 

I belay thinnings, so that deer cannot penetrate amongst 
Igaplings. 

Pieces of rock-salt should he scattered about for the stags to 
flick, or the following composition 

Oak-galls . . . ■ 1 h). 

1 lb. 

8 lbs. 

A little. 

)st 5()«. a cwt. Each 


Salt 
Clay . 
Aniso . 


"lie galls should he Istrian, whicli c< 
dece suffices for 100 acres of forest. 

’ Beasts detected peeling bark should be shot, as young deer 
loon follow their example. 

f. Measure* to Prevent PMimj, eh\ 

Valuable exotics, etc., can be protected against rubbing by 
smearing them with certain compositions up to 5 feet ir: 

height. ‘ * . , 

: ; Such a composition is a mixture of lime, blood and sulphur 

Section IIL — Eallow-Dekr. 

r. xhe damage done by the fallow-deer is of a similar nature v 
|hat by the red-deer ; the former perhaps does more harm b; 
bruising and trampling, as it is very restless, and particula 
IBout its food. However, it never peels in a wild state, onl 
Sometimes in fenced parks. The fallow-deer rubs us antlet 
It the end of^ugust and in September, and strikes the am 
" es as the red-deer. The protective rules are the saim 

1 are unnecessary. 



IV.— Roe-Deer, 

1. Damage Done. 

Besides herbage, the roe eats beech-mast, acorns, wild frui 
Bind the cotyledons of beech and oak seedlings, and in wint 
browses on the buds and shoots of nearly every species 
^ree, especially young plants, and in summer on fresh youi 
shoots and tender foliage. 

f The following secies are preferred Oak, beech, map] 
|ash, elm, hornbeam, aspen, sajlow and silver-fir ; less— Sco 
Sind Weymouth pines and Epruce; least of all— birch ai 
|ilder. Young plants one or two yeats old may be entire 
favoured. Exotic species and those occurring rarely in 
prood are preferred. 

|r 'Sunny aspects where the roe stays in winter suffer moi 
^specially on poor soils. The roe rubs its horn* in March ai 
l^pril on smooth-barked saplings about a finger’s thieknes 
jpRnd Strikes its horns on poles in rutting- time at. the end 
tjuly and August, and before losing them in November. Larc 
[?Weymouth-pine, Douglas-tir, aspen, lime, and mountain-a 
|are most exposed to these injuries. 
m, In places where roe-deer crowd together, they tnrmple-do\ 
|luany seedlings. The roe is relatively worse as a for* 
wowser than the red-deer, as it is very dainty and tears t 
hoots like a goat ; but on account of its small size, and as 
hstftins from peeling trees, it* does a less absolute amount 
femage. . 

' 2. Protectire Rules. 

h • ' 

|jr respective of the general rules given, the following he 
|od for joe-deer. • 1 

Suitable fodder are oats, acorns and foliage ; they eat h 
illy as a last resource, when it is given quite dry and hu; 
Ijp in little bundles under the shelter of trees or thatch 
jpverings and not strewn on the ground. Lopping branch 
$ silver-fir, aspen, sallow, etc.,*in winter is very useful 
pEences against roe-deer need only be 5 to 6 feet high, 
r Scarecrows are of little good, as the roes soon becoi 

t ft thfitn. 



■ asafoetida on cultivations uL 


p piAkr mg dung, petroleum, dr 
^Young cdniferoufl cultivations may be tarred, as for red-deor, 

tat »*: deep it 1. tatht to lm» «»»; ’•» »f <f 
tarring i. H. to *H l» U#> »> * W 

to 9d., and tar at Is. 9d. per cwt. 

: To protect exotics (Douglas-fir, etc.), flings may be 
■encircled at about H feet from the grouml with a piece of 
paper as broad as the hand, fastened with string, or they may 
L surrounded with thorns, or by three jagged stakes. 


Section V. — Wim> 


1. Damage lhnt. 

The wild nig does damage similar to that done by the tame 
ria, Which has been already described, besides pulling-up 
resh transplants, and destroying mound-planting, and birds - 
lests. As regards sport, it does much harm by killing fawns, 

6V 0f kte! in the Lower llhine districts and also in the Ardennes, 
jigs have so largely increased in the forests, and ‘do so muci 
ianm-'e to the agricultural crops, that it has become neces- 
sary to bold battues, and lix a price for their destruction, 
From a forest point of view, however, wild pigs do much less 

than oilier game. . * 

’ They raav, however, do a considerable amount of good by 
breaking-up the soil, burying fruits and seeds and by Oh 
destruction of mice and hurtful insects. 


2. Protective Buies. 

& Feeding with turnips, potatoes, oats, peas, acorns, will 
bit, etc., so as to keep the pigs from injuring forest plants. 

: Fences against pigs should be about 6 feet high and strong], 
[milt. Wild pigs travel considerable distances by night, am 
}„ France have been found to abandon forests where there l 
Biuch wirfp6tong.,j. 



^Sps can be used to catch pigs; A pit about'6 fe^^I 
md' broad is dug, with walls vertical or even sloping inwar< 
l light covering of poles, brushwood. and moss is cbvered wi 
toil, dead leaves, etc., resembling the litter on the grour 
5uch traps should be made near wallowing-places in t 



ijlg, 30.— Robinia gnawed by hare fjgv'fl,— ! Beech gnawed by Wty 

. (wtfL****). {nut. tiu). ^ 

[feeding season (November to January). In making the! 
taps the greatest care mgg||6 taken, the workmen must m 
|mke nor eat their food n||phe trap, and the earth dug o; 
aust be removed to some distance. Another excellent methc 
W caching wild pigs is described in the “ Indiatfforester 


WILDPHIS 


pp.^/'when flfftteron# m woods bordering on fielal> wm toig 
^pt down by battue-shooting. Thuyas much more efficacious; 
ihan trapping, which has almost been abandoned since 1878 
jij the Treves district. Thus, in the districts ot 1 roves and 
Coblenz (1872-75f, 658 and 257 pigs were shot, or respectively 
nine times and three times as many as those trapped. 

The last wild pig was killed in England about 151)3, in 
fchartley Forest, Staffordshire (•). E. Karting), but they prob- 
ably lingered on to a later date in Scotland and Ireland. The 
Indian wild pig (S. emtatus) differs very slightly from S. scmfa. 
% large Indian hoar may weigh over 800 lbs. and may stand 
up to. 42^ inches at the shoulder. Pig-sticking with the lance 
on horseback is a favourite pastime in India. Wild pigs are 
numerous in Indian forests, where, however, they do little 
damage, though very destructive to agricultural crops. 



1%, 31a.-* W uu^reak after damage by deer, 


CHAPTER IP. 

PROTECTION AGAINST RODENTS. 

Section I.— General Account. 

1. List of Inf unous Species. 

Hares and Rabbits (Leporidae). 

The common hare (Lepits europaus, L.). 

The mountain hare (L. timidus, L.). 

The rabbit (L. cunieulus, L.). 

Squirrels (Sdaruke). 

[he common squirrel {Seinnts vnlyaris, L.). 

Dorm ire ( Myoxidue ) . 

Che loir (il lyojciy ylis, Schreb.). 

Che common dormouse (M. a cell anurias , 1.). 

Che garden dormouse (ill nitcla, AVagn.). 

Mice (M undue). 

'he common wood-mouse (Mus silcatinis , L.). 

'he long- tailed field moufc (ill ay ravins, Pall.). 

Voles (ArcuoJidne). 

[fie water-rat (Arvicola amphibia Desiu.). 

[fie field vole, or short-tailed field mouse (A. ayrestis, Bla&d> 
[he southern field vole (/l. arralis , Selys.). 

[he bank vole (Hypudmis ( A.)' ylareoltts , Wagn,). 

2. Damage Done. . 

Jfhe above-mentioned animals damage the forest by eating’; 
pa and seeds, and gnav^ng young growth, breaking-off, 
Kg shoots, eating buds, peeling bark, and burrowing in thej 
mnd. Rabbits, mice and voles do ltfo&t ham, on aocounfe 
Ahm ; destinctive . j| 



(KS^^Toiing growth, sowings and plantations are ofie^o 
Completely destroyed by them. 

f§ The damage done by hares, squirrels and dormice is not 
|so great, being confined to individual plants, and these animals 
jtojo not become so*numerous as rabbits, mice and voles. 

8. Protectin' Rules. 

Proper precautions must bo taken in the reproduction, 
^tending and utilisation of woods. Enemies of these animals 
^gmstf be spared. Shooting, trapping, poisoning may be 
Employed. More detail is given separately for each kind. 


Section II.- Hakes. 


1 . 


Ihmoije l><m<\ 

The common hare is found throughout Europe, except in 
mountains and the extreme north. In Scotland it occurs 
l, only in the lowlands and in valleys. In the British Isles the 
: mountain hare is met with only in Scotland, and in Ireland, 
.where it is known as the blue hare. At lower latitudes it 
turns white during winter, but remains white throughout* the 
-'year in the extreme north. r 

4 The hare injures woody plants in winter by biting and 
jj; gnawing their bark. Buds and young shoots- of beech, horn- 
"beam, elm, ash, maple and aspen are chiefly bitten, the 
^conifers less, and spruce and Scots pine least of all. 

■4 As the hare affects certain localities, the damage is restricted 
'fin area, but very extensive where it prevails ; so that a single 
^hungry hare may cause considerable damage in young growth 
0 beech on sunny situations, which it frequents in winter. 
If he sharp teeth, cutting in pairs, give very distinct markings 
j attacked by hares. 

|l-As regards peeling, in snowy winters the one-year-old shoots 
; the robinia and other Leguminosa , including broom, are 
quently stripped of bark, and the wood gnawed as shown in 
Among ordinary forest plants, young beech ancf 
pcamore suffer most from peeling ; older trees with rough bark 
T|ie hare frequently damages fruit-trees in orchards,, 
^le,jiextthe cherry ^l^ask of all, the pear. 



2. Protective Rules. 

r r 

(4) Pence nurseries, especially those of fruit-trees, with 
lodges or dead thorns, or with wire-netting 4 feet high. ' 

E * '"i Bind fruit-trees from November till April with thorns 
dies of conifers or wheat straw. 

# , ,i Pruit-trees may be smeared with stinking substances. 
I mixture of 10 quarts of bullock’s blood, J lb. of asafoetida 
jpsolved in warm water, and some lime and cow-dung may 
used.* 

Lv (d) Shoot hares, especially in broadleaved woods. 


Section III.— Babbits. 

A pair of rabbits during spring and summer may produce 
ihout 5—8 young ones every 4—5 weeks. Young rabbits 
jegin to breed when six weeks old, so that in New “South 
(Yales, under favourable circumstances, it has been found 
hat a pair of rabbits may produce 13,718,000 in three years. 
|abbits cannot withstand the great winter-cold of the higher 
Ardennes, between 1,200 — 2,000 feet, but in milder situations 
{throughout Britain and the North of Prance they are the 
host destructive enemies of broad leaved woods. 


$/■ 1. Damage Done. 

* Rabbits, which are chiefly found on hilly and sandy ground, 
Jo the same kind of damage to young growth as hares, besides 
bjuring the roots of plants by burrowing. They are not nearly 
p destructive in biting off young shoots as by gnawing at the 
aark of plants. The seedlings of the Scots pine, the chief 
species on sandy soils, suffer most of all from biting, and next 
this black pine and larch, also oak and ash. 

S ; Ab regards gnawing, nearly all species suffer, chiefly horn- 
pub, ash, robinia, aspen, sallow, hazel and frnitHrees. This 
fern of damage is most considerable in snowy winters, 1894-5, 
P instance. Fig. 82 shows the teeth-marks of rabbits very 1 
&r!y. Not only is young growth attacked, but where rabbits 
£ numerous, and when the ground is frozen or covered with 
ibw, the base of large beech and other trees is barked, and 
treea may be completely girdled. Prom experience in 
Windsor Porest, which is overrun with these posts, so that 





bo valuable in oak forests, which' was plentiful 
twenty-five Veers ago, has now Jisappeafed over large areas; 
' the sycamore appears to suffer less than other species, and 
rabbits will not touch Rhododendron jmiicim, which some- 
times forms a dense underwood in * 

parts of the forest infested by them. 

Hedges of whitethorn are often com- 
pletely destroyed by the peeling of 
rabbits. 

By burrowing, rabbits do much 
harm to cultivations and young 
seedlings. Hares avoid places 
frequented by rabbits. 

2. Protective Measure*. 

{a) Protection of foxes, pole-cats, 
martens, stoats and weasels, which 
are the natural enemies of rabbits. 

A family of stoats may kill fifty 
rabbits in a week. 

(ty Careful fencing 4 feet high, 
and uRe of wire-netting buried partly 
in the ground and sloping outside 
the area to be protected. 

(c) Valuable trees may be bound 
round with thorns or wire-netting, or 
their bases smeared with coal tar. 

(d) Use of traps or poisons, 
or smoking-out the burrows with 
sulphur. In Australia, poisoned 
grain is buried in shallow trenches 
io kill rabbits. Bheep are not thus 
endangered. Between April and 
October, 1890, in a forest near Kiistrin, 2,389 rabbits wei 
trapped, in traps supplied by Grell, of Haynau, Bilesu 
posting k each. « A, farmer in South Devon informed m 
lihat afcoate, Wing very reckless, are readily caught in trap 

a , 'a t : i i 


i*: fa* &at singe r»liMt« r hav« beeu 



Fig. 82 .—* Willow gnawwtl by 
rabbits (ml, xtzu) 



[m MC neighbourhood, the stoats, which are tlieit ^ilel 
|'ehemies, have disappeared? 

(e) Ferreting, the ferret being merely a domesticated variety 
)f pole-cat. This is usually followed from October till the en< 
rf February, when rabbits do not generally have young. Th< 
lerret is sent into the burrow, and a net placed at its openin; 
nto which the rabbits run, or they may be shot when driver 
)y the ferret out of their burrows. 

(J ) Shooting. This is very useful, if carried on in summei 
when the rabbits are breeding and does are easily shot 
especially in young plantations. 

Every Enclosure Act allowing planting in Crown foresti 
States, that no rabbits should be kept, *on any pretence 
whatever. ' » 

Suction IV.— The Squirrel. 

1. Damage Done. < ;; 

The damage done by squirrels is greater than is generally 
imagined. They eat fruits and seeds, cotyledons and buds 
and bite oil young shoots, remove bark, and destroy eggs anc 
young birds. Their utility in destroying beetles, larvte of saw> 
Bies and other insects, does not compensate for the barm they do 

In 1901, £80 was spent in the Countess of Seafield’s estate 
it Gran Mown in rewards for killing squirrels at.*2^d. per head 
I'bey had done much damage by girdling larch and Scots pine 


a. Instruction of Fruits and fowl lings. f f 

Beech-nuts, aeorns,J*azel-nuts and seeds of spruce and Scoti 
>5ne constitute the chief food of the squirrel. Besides these 
it eats seeds of other conifers, fruits of horjty 


§ beam and maple and of mountain-asli, anlj 
walnuts, apples and other garden fruits. J 
large proportion of the annual supply qjj 
fruit may thjjs be lost, and in cohiferoti 
woods, natural reproduction may be greatlj 
pf . S3.r-lla*el-But educed. Beech-nuts are often eaten in then 
^Sned by squirrel, involucres by squirrels from September, 

< Fig. $8 shows how* the< hazel-nut , « 

packed by i bis little animal, and Figs, 84 and 85 how, ^ 
.fespraee-cottes, ,«*, that 


of broken scales from cones lying utuUg 
•he trees show how busy the squirrel has been- 
More harm again is .lone by the squirrel d.gging-out seed 
and cotyledons from the ground, and bitmg-off cotyledons ol 
the beech in seed-beds and reproduction-areas. It alsc 




fig, 34.— Sprua-eon* hlrip^cd ot 
ttCiilisit by s»x«iir<d. 


Fig. — Portion of apruec-wmu attac 
by wjuirrel. 


uproots young oak-plants to get at the rtinams of the acoi 
1 Indian squirrels have similar proclivities to the above-m 
tione.1 species and sometimes completely strip trees of ti 
fruit, besides being very destructive to peas, etc., in vegeta 


gardens. 


/ 

b. Ealing />W* ml Biting off Tivigt. 


AS regards bods, the squirrel prefers those of their 

* * i ■'» «ifv»A.rc»rmnfl suhttiJinCGS fUlu W 



fffch flowering- buds, the squirrels bite-off 4he top 'of tlie 
previous year’s shoot, and the side-shoots of the last verticil," 
file buds of which are also eaten. Scots pines injured in this' 
|by, develop new leaders from buds just below the point o! 
|ttack, whilst in the case of spruce, an uninjured side-shoot 
mm the last verticil becomes a leader. In the case of poles 
||d trees of these species, the squirrel bites-off the mos^ 
Sifemal liitle shoots on which are the male inflorescence^ 
lods, and then, holding the twig with its'fore feet, goes bacjM 

W* tbft hrA«#»h 4n Afii ih& Kiida ' ,'vJf 1 fktm Ijaka fl-wa firm ’ #i>i‘ ''4m 



v W*trrom& Probably the female' inflorescence-lmds are; 
\2 a ?“ 11 and very few —.are formed on treef 

Z i- si <-* 8ilve "" r “ 

Iso similarly attacked. 

In tire summer also, shoots of various 
jngtbs up to 8 inches are bitten off spruce 
rees by the squirrel and gnawed, as at tins 
ime there are no seeds or buds to eat. 

e. PMi<i anil (liriilbig. 

The peeling and girdling of young plants 
>f larch, Scots pine and silver-fir, also of 
jeech, hornbeam, aspen, willows and oak 
aave been noticed, and are becoming seiions 
in Britain. Plants fifteen to thirty years 


ftp, 3* sad $&-£*S|riraJ girdling* of Scot* 


JFig. 40.— Girdling 
Scot* jdne ty «ju: 



Gauffer most, but also sixty -years-old woods.’ This ft $8i| 
rom May to July chiefly in dry years. The damage is donij 
o the stem in the crown where the squirrel sits, and ili 
lometimcs in # rings or 'spirals, at other times quite irregular' 
is it goes down to the sapwood, the injured stems may di< 
ibove the peeled place, as they sometimes do by hundreds. 

d. Destruction of Young Birds. , 

During the breeding sea’son of birds, the squirrel frequently 
attacks their young, killing them and eating their heads. 

2. Protective Rules. 

, Protection of the pine-marten (Mu stela wartes ), a grei 
enemy of the squirrel. 

Shooting, with the help of dogs,’ in spruce seed-years, am 
near nurseries. 


Section V. — Dormice. 
1 . Damage Done. 


Dormice are squirrel-like 



animals, with bushy tails, and a 
they move about at niglil 
chiefly in broadleaved fores; 
it is difficult to state precise! 
the amount of damage they d< 
The loir ( My (mis glis, i 
German , Siehcmchliifer ) ,* ft 
largest European species * 
dormouse, is found in souther 
Europe, hut not in the Britis 
Isles., It feeds on mast of a 
kinds and also on spruce as 
other seed#, and orchard-frui 


bites-off the leading shoots .< 
Sg.4i.-0i*l&g. ;4iwW- beech mi sityer-fir, wa4;| 
of alder by dor-,". Kagof bireb by 8 p*hlg, barks young stems, &| 

> tnlfUt 1 i . i *1* . i. i 

robs birds nesta, doing mjm 

' “ ■' , iCj 





Pogf of this season asleep. Marking is done m strips, oi* 
tings, on ten- to twentvfive-years-old trees of Jiirch, lion i beam, 
haiet, etc., also of larch and silver-fir. 

The loir also bites-off spruce-shoots in order to strip them 
of their needles and chew them, spitting out 
the debris. 

The garden-dormouse {M. quemnus, L.) 
is rarer. than the former, but lias a similar 
habitat, going, however, further north ; it is 
fond of orchard-fruit, and also attacks forest 
fruits like the loir. 

The common dormouse (M. atvllmtariitx, 

L.), ehiefty Jnlmbiis coppice, especially 
hazel -coppice, and is found all over Kurope, 
from Sweden to Northern Turkey, but is 
less common in the south than the other 
two species. It does similar damage to them, 
but on a smaller scale, and owing to its fond- 
ness for hazel-nuts, is termed Ilfurhnaus in 
Germany. 

2. Protectin' Rules. 

Dormice may be caught like rats in iron 
traps halted with bacon, or for the last 
species, in wire- traps with almonds as a*bait, 

In the extensive beech forests of Carinthia, 
the capture of the loir is actively pursued, 
its flesh, which becomes very fat in autumn, 
being eaten, while the skins are exported, ^ 
as many as BOO, 000 being captured in good of Iwvh % <l«t$ 
years of beech-mast. mm ' :: 

Section YL— Mice. 

I. Damage Done ♦ - 

? ForeSfc mice, especially the long-tailed field-mouse (Mt&, 
L^, and to a less degree Mas agrarian, Pall., ari 
|yery destructive by* eating forest fruits and seeds, biting am 
Growing in. the ground and killing small bird#, 




^■(Siiefiy fceecli and oak-mast and ha Z el-n«t 9( are e^ SI 
ititttran-sowings suffer, more than those made m the spring, 

■ In winter, ajid when the snow is on the ground, they gnaw; 
mds, tender shoots, bark and sapwood of young forest plants^ 
rom 2 to 15 years old. Broadleaved species chiefly suffer £ 
mch as hornbeam, beech, ash, maple, hazel, sallow, and also 
>ak, elm, aspen, etc. Handsome thorn-trees are often girdled' 
>y them. They gnaw the bark of plants up to 8, feet and' 
Uglier from the ground, somewhat higher than voles, from, 
vhich they can be distinguished in this way. Young stems 
ip to 2 inches in diameter at the base are often gnawed: 
ihrough, and promising cultivations are thus ruined. 

By their burrowing, many plants are unrooted and di$, 
>ut this kind of damage is done on a much grafter scale by 
roles. 

Mice are chiefly destructive on sunny aspects in young woods 
ull of grass undergrowth. Their powers of reproduction in 
Iry summers are quite extraordinary. 

Rats are frequently destructive to forests in India. There 
vas a plagu^of rats in Berar, in 1902, described by E. E. 
Fernandez {Indian Forester, April). They destroyed cotton 
{oods and grain and gnawed the bark of teak, up to 8 feet 
n girth, also of Bvtea frondosa , the lac tree, and other 
ipecies. 


2. Protective Rides. 

" These are about the same as against voles, and will 
iherefore be given in full further on, but as the long-tailed 
ield-mouse lives in forests throughout the year, it is morei 
lifficult to ward against its attacks than against those of voles, 
vhich come from the fields into the'forpst during winter. The; 
ihief remedy is to protect its enemies, the stoat, weasel, fox, 
Wfa etc. 


Section VIL— Voebs. 

'/ • ' ■ - 

^ Voles are distinguished from mice by their thicker, shorter! 
lead, by having ears buried in their fur; short legs and tail! 
^18 having a pointed head, large ears and a lorn? tafti ll 



is; 


l Damage Done . 

Voles in daytime live chiefly in the soil, into which they ( 
Imrrow in all directions. ,Their burrows are just below the 
surface of the ground, *and by burrowing in forest nurseries, 
plantations and natural regeneration-areas, they uproot thou- 
sands of plants and injure drains and ditches. They are ‘ 
||iefly vegetable-eaters, devouring fruits and seeds, cutting" 
through the roots of young plants in the ground, gnawing 
their shoots, but they also attack young birds. 

. During winter they gnaw the bark of plants chiefly of broad- 
leaved species from the collum up to ten inches, or as far &b 
the grass reaches, in strips or rings. 

Voles breed much more rapidly than mice, the southern field- 
vole (Arricola arralis, Selys.)* being especially reproductive. 

, The water-vole (.4. amphibim , Desm.), and the common i 
field-vole (.4. ay rest is, Bias.), do the most damage. The water- 
vole lives not only near water, but also in the forest, and does 
much damage by burrowing, and by cutting-off the tap-root 
of stems up to the thickness of a man's arm, naturally 
kills them. Oak and ash suffer most in this way, also poplars, 
willows, apple- trees, etc. ; less : beech and conifers. The water- 
Tole also frequently injures banks and dams ; it has done , 
much damage in the forests occasionally inundated by the 
.Danube, but is fortunately never very numerous. y 

The bank-vole (Ihjpmheas glamdus , Wagn.) is extremely; 

■ active, fcnd inhabits chiefly the borders of forests' bushy, 
fiand amongst fields, and forest-glades with advance-growth, 
‘father than dense forest. It gnaws larches, black pines, 
^aspen, and other trees and shrubs, and eats and carries off 
$he pine-buds. 

The common field-vole ( Arvicola agmtis, Bias.) is the 
^•greatest scourge of the agriculturist, and comes from the 
^fields into light forests, where it does enormous damage. In 
$he 1832-28, 1830-31, 1840-41, 1856-57; 1861-62, ; 

|868-Jf|l870-71, *1871-72, 1872-78, 1878-79, 1889-90, . 
1892-98, this species was chief among the swarms of mice 1 

* About 75 per* cept. of them are and a mother vole has eight to 
P§i young every six to eight weelts, from March tiU late in autumn. A <j> begins 
p^eeding when eight week* old, and may hftve lO,OQp descendants in a year. 
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be jflaced between acorns or other seeds in the nursery-beds. 
The seed should be covered with red lead by slightly wetting it 
and rubbing the red lead on to Hie seeds. 

(e) For sowings in the forest, Die following precautions are 
recommended : — Soaking the seeds for half an hour in a 2 per 
cent, solution of carbolic acid in water ; 10 per cent, of the 
acid will kill the seeds. Acorns may also be soaked in a 
decoction of quassia. The seed-beds may be covered with a 
layer, 2 inches thick, of old tan or spruce branches, or strewn 
with calcium chloride, which is also a protection against 
certain insects. Seeds may he covered with red lead. 

(/) Endangered saplings *in nurseries may be wrapped 
round spirally with 1 8* inches wide strips of asphalt paper 
and their barks surrounded with asphalt tar. The scent of 
this keeps off the mitfe. llesse considers coal-tar as hurtful 
to plants. Various advertised preparations may he smeared 
over the plants, such as a mixture of cart-grease, petrol, alum 
and tallow. 

r. (<f) Felling-areas with grass- undergrowth should be pastured 
clown in sunnier and autumn by cattle or sheep. The grass 
protects the mice from observation, and lenders the hark of 
plants in it soft and fresh, which the mice like. The cattle 
disturb and trample down many mice. 

(h) Beech seeding-follings should he dark in order to keep 
down the grass. 

I (i) Figs may be admitted into tho forest as long as the soil 
is loose, especially near nurseries. They root-up the ground, 
disturb the mice, destroy their young, till up their burrows, 
and also trample-down and eat many mice. 

(;/) Femoval of low undergrowth, which shelters the mice. 
(k) Branches of softwoods or hornbeam may be spread 
about in young beech-woods, to attract the mice from the 
beech. They must however be frequently replaced, as dry 
^ranches are no longer gnawed, and then the remedy does 
$m>re harm than good, the branches having attracted mice 
into the wood. This is a good precaution against the southern 

:fleld-vole. , 

V (/) Protection of Enemies .— Here we must restrict ourselves 
[to the protection of .mice-destroyers which may not do so 
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much injury in another direction as to outweigh their use* 
Jluhiess in killing mice ami voles. The following animals are 
useful in this way 

Mum nulls. 

The pole-cat {Pa farina foclolnx, dray), the stoat (/*. crminfHt, 
Ow.), the weasel (l\ v»l}f<trix, liich.h the badger \MtIrs tin ns, 
rail.), the mole l7o/pa (imqniea, Id, and the hedgehog 
(ICrinamtH aw))M('Ux, Ld, also the shrews, especially Sores 
nihjaria, L. Tlie mole does not inhabit Ireland. 

The first three beasts also plunder nests and eat eggs, young 
birds and leverets. The badger eats fruits, must and pheasants’ 

3 
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eggs. Tho mole is hurtful to forest nurseries from its habit of 
burrowing and throwing-up small heaps of boil. Tho hedge- 
hog attacks nests. All these animals, however, are much 
more useful than hurtful The well-known and much abused 
mole hunts for mice, crickets, snails, slugs and grubs, and is 
always at hand where these creatures abound, and extremely 
useful in destroying them. It increases rapidly, has 13— 5 
young at a birth, and two broods in the year, in May and 
August, and is very voracious* Its ingenious nest (Fig. 47) 



affords means of escape when pursued by a rat, or otl 
enemy. 

A limited protection may also be afforded when mice i 
swarming, to the fox (Cams wipes, L.), the pine-mart 
(Musi el a marks, 1.), the beech-marten (Must cl a foina , Bris 
and the wild cat (Fells catus , L.), in spite of the damage th 
may do to game. A full-grown fox will eat two or thr 
dozen mice daily, and in S. Sweden, where foxes are numeroi 
there are no plagues of mice. 

Birds* 

The following birds are extremely useful in destroyii 
mice : — The kestrel (Falco tinnuuculus, L.) ; the buzzart 
especially the common buzzard (Buteo ruhjuris, Leach 
owls, especially- the long-eared and short-eared owls (Ot 
vulgaris , Flemm., and 0. brachyotus , Cuv.) ; also, the taw; 
owl (Syrnitm Aluco , Boie), the little owl (Carinc hoc ft 
Scopoli), and the barn-owl (Striv jlammca, L.). To the 
may be added the hen-barrier and the marsh-harrier (('in 
cyancus and C. aernyinosus). Mr. Tegetmeier states that 
pair of barn-owls brought food to their nest 5 times in tin 
hours. This probably meant 150 mice in 4^ hours. T 
short-eared owl hunts mice in day-time and appeared 
Scotland in large numbers during the plague of mice. 

The rook (Comm fray iky us, L.) kills mice, especially 
the autumn, so do the black crow (C. corone, Lam.) and i 
hooded crow (G\ cor nix, L.), which are sometimes said to 
varieties of the same species and to interbreed freely. r I 
above three species of Conus occasionally attack acorn-sc 
ings, and break off the leading shoots of conifers, and i 
crow does much damage by eating the eggs of partridges a 
r other birds, but on the whole their utility is greater th 
their destructiveness. 

Herons (Ardea cincrca) and storks (Ciconia alba , L.) oc 
donally feed on mice, and so does the black-headed g 
(harm ridibundus, L.). 

* The scientific names for birds follow Tamil, *• British Birds,” 4th edit 
Revised by A. Newton, F.R.S., and H, Saunders, 1874-— $i>. 
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t . ’ 1 ^Nfost of tlie other flesh-eating birds do too much damage to 
' useful birds to deserve protection. 

fl. Remedial Measure*. 

Remedial measures against mice may be with or without 
poison. The chief rule is to adopt measures every year which 
suit the locality, so as to prevent as far as possible any extra- 
ordinary increase in the number of mice and voles. According 
to trustworthy observation, there are far more females than 
males in the spring, and mice should therefore bo destroyed 
as much as possible in February and March. Private enter- 
prise, especially in forests where it is difficult to get at the 
mice, is not sufficient for this purpose, but the State must 
direct matters and induce private persons to assist in the 
energetic destruction of mice both in fields and in forest, which 
will he to the public advantage. 

a. Pitfalls. 

Trenches must be dug in the ground, and visited daily to 
keep them clear from leaves, etc., aMd to remove and kill the 
captives. They should he 8 — 10 inches wide, and — lf> 
inches deep, with vertical smooth walls. The base of the 
pitfall must be beaten hard, and glazed earthenware vessels, 
or drain-pipes, one every B or 4 yards, buried level with the 
bottom of the pitfall. A few grains of whyat act as lures for ' 
the mice, and those which are found in the pitfall are lulled 
with a pointed piece of coarse iron wire ;„they will die other- 
wise of starvation. Such trenches are to be recommended 
against field-mice along the borders of fields and forests, and 
around forest nurseries and seed-granaries. In Mecklenburg, 
10,800 mice were thus destroyed in autumn, 1872, between a 
\dover field and a sown plantation. 

b. Traps, 

Traps are pseful, especially against water-rats and bank- 
voles, and various kinds of devices may be used to trap mice 
according to species and local circumstances. 



QM Section against anxma'ju 


Traps resembling sugar-tongs are advocated by E. Heyer 
.gainst the water-rat, as shown in the Figs. 50 and 51. They 
must be so placed that the rat, in running into its hole 



Figs. iH and Tubu-triip-s hom Ilolx'iihoim ( nnL *<:< ). 


strikes the plate (a) with its head, and is then caught round 
the body by the pincers (5). It is better to place two such 
traps back to back in a hole. For the smaller species the 



Fig. ;>u. fig- 31. 


tube-traps from llolienbeim are very effective, Figs. 48 
and 49. 

Ordinary spring-traps (Figs. 52 and 53) are more useful in 



Fig. 62. — (| mt. sir*)* 


^closed rooms, such as seed-stores, but when concealed by 
_ foliage, etc., they may also be used in forest nurseries, carrots. 
& or beetroot forming a good bait. 
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For seed -stores, a good trap for mice may bo formed by a 
vessel full of water, over the edge of which a piece of wood or 
platform on which the bait is fastened is balanced. The mice 



climb up a slanting piece of wood on to this platform, and 
going to the end of it to get at the hail, ups<*t the balance of 
the platform and fall into the water. 


i. SuioJiintj-onL 

Smoking-out mieo is not possible in forests, owing to the 
nature of their holes amongst grass and dead leaves, and also 
on account of the danger of tiring the forest. 

Poisoning is the most effectual method of destroying mice. 

In poisoning mice in forests there is, however, great danger 
of killing useful animals, such as weasels, foxes or owls. 
Such a method can therefore be employed only after every 
precaution has been taken against danger to useful animals, 
and in cases where the mice have increased enormously in 
numbers. 

Poisoning may be done by means of phosphorus, .arsenic, 
strychnine, corrosive sublimate, or carbonate of baryta. Of 
those, stryclmjne is the most effective. Wheat, oats or barley ; 
grains, celery or radishes may be used with the poison, the 
{grains being first steeped in water, and then placed in the 



poisonous solution ; or a meal prepared and the poison mixed! 
up with it Jfc is then strewn about in pieces as big as a pea. 

, In order as far as possible to prevent the poisoning of 
useful animals, the poisoned baits must not $e placed on the 
tare ground, but in little cylinders of wood or of grass sods, 
or in glazed vessels or drain-pipes afoul 1J inches in 
diameter, sufficient to allow passage to a mouse. The cylin- 
ders may be placed on tbe ground or in the mouse-holes, and 
must be inspected regularly in order to observe their effects. 
Glazed vessels are better than drain-pipes, as the latter let in 
moisture. 

, , Phosphorus, owing to oxidation, soon becomes ineffectual in 
damp or rainy weather. Arsenic is more effective, but less 
rapid in its action. If either of these poisons is used, the 
dead mice are generally found lying on the surface of the 
ground, as they run in search of air and water when feeling 
the pains of the poisoning. Strychnine and carbonate of baryta 
kill the mic^in their holes after severe convulsions; it is 
better to change the bait and the poison from time to time. 

/ A pest of mice rarely lasts more than 2 or 8 years, fas heavy 
rain, frosts, inundations and disease soon kill them by thou- 
sands. It would not however be right to wait patiently for 
such an event to occur, for by timely energotic action the 
damage may be greatly reduced. 

Attempts were made (as proposed by Loeffier) in 1890, to 
destroy the mice which were infesting the fields in Thessaly, 
by subjecting them* to a parasitic fungoid disease termed 
mouse-typhus ; this was communicated to the mice by pieces 
jof bread which had previously been soaked in water con- 
taining spores of the fungus. The results in this case were 
Excellent, and it has since been adopted on agricultural lands 
%ith success both in France and Germany. It was also 
|fuccessful in a German forest in 1892 -3, on 15 acres, at a 
of 5s . Gd. per acre, 

4. Treatment of Injured Plants . 

|; Broad-leaved poles and saplings which have been bad 
-Imawed by mice should be cut-back in the spring close to th% 

' 1 ... ...i > ■*; . !,. t i jr f'J. ra> J . .<* £ * £ ft 4 1 , * T».' . ..*** * * . ^ 
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Ibelow the injured place, sharp instruments being 
Jbsed for the purpose, so that they raay send up new shoots, 
i If the plants have been girdled too deeply towards the roots, 
^#uch procedure would not save them, but of course tho dead 
Vpoles should be removed, Tho workmen should work in lines 
%o as not to leavPout any injured plants, and should bo 
’ properly supervised. If the cutting is done too late in the 
spring, the new shoots will be very weak, as much reserve 
material then passes into the injured stems, and is* conse- 
! quently wasted when the stems are cut down. 

Where conifers have been injured, new plants must be 
substituted for those killed by mice. 

Beech plants that havo been gnawed by mice, if under a 
foot in height, may be saved by heaping up earth above the 
, wounded part of the plants. The latter then send out fibrous 
roots that grow down into the soil through the mounds. This 
costs about Id. per 100 plants. 


-Section Y11I. — Beaveiis and Poiicupines. 

The beaver is an animal now almost extinct in Central 
Europe, but which formerly did much damage to forest trees.* 
Beavers {Castor fiber , L.) are still pretty numerous in Russia 
and Scandinavia, in North America, and a few still exist in 
France in the Rhone Valley. They fell and bark many species 
of trees up to 9 inches in diameter, chiefly willows and poplars, 
but also ash, oak, and elm growing near streams. The trees 
felled are used by them in constructing dams to protect their 
dwellings, and they also eat the hark. 

The porcupine (Ily&trix leveura ) is very common in Indian 
forests, and* girdles saplings and poles of various species, 
especially of Leginnhume ; it does much damage in forest 
nurseries by burrowing, and by devouring seedlings and 
vegetables. It should be excluded by strong wivc-netting, 
partly buried at the foot of a fence, as in the case of rabbits, 
sphere are also two other species of Ilystru: in India. 

'f, * In the Himalayas the black bear (17 'em tibdaum) peels the bark from 
titae# taring the winter, . „ 



CHAPTER III. 


PROTECTION ■ AGAINST ^ItlRDS.* 

Section I.— -General Account. 

The birds directly hurtful to forests belong to the orders 
'iallinae or game-birds, Cohnnlmlae or pigeons, and Passori- 
ormar or perching birds. 


1, List of Hurtful Birds . 

tirowe ( Telraonidar ), 

Capercailzie (Tetrao urogallus, L.). 

Black game ( Tetrao tetrix, L.). 

Ilazel-grouse (Bonasia sihrstris, Brehra.). 

Pigeons {Col urn Indue), 

Ring-dove or Wood Pigeon (Col a mba pal ambus, L.). 
Stock-dove (C. oenas , L.). 

Turtle-dove (Tartar communis , L.). 

( CoiT idae ). 

Jay (Oarrulus gland arias, Yieill.). 

Nutcracker (Nucifraga caryocatactcs , Briss.). 

Finches (Fringillidue). 

Hawfinch (Cocrothraustp vulgaris, Briss.). 
Greenfinch (C. Moris , Briss.). 

Chaffinch (FringiUa cockbs , L.). 

Brambling (F. montifringiUa, L.}. 

Siskin (F. Spinas, L.). 

Crossbill (Loxia mrvirostra, Gm.). 

Parrot Grossbill (L, pity ops ittaens, Behst.). 

The adentiflo names are from Yarreirs ^ British Birds,” 4th ed., 3881 
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A few other species of small singing birds are hurtful hy 

• eating seeds and biting-off buds, such as * 

; \ Bullfinch (Pjinhula rnropara, Yieill.)* 

Mealy Bed-poll {Linota Unaria, D.). 

Bed-breast Qfnflhaaut ruhrcuki, L.), 

Even titmice (VariJae) do some barm, and woodpeckers 
(Pid) make holes in trees ; these families, however, do more 
; good than harm. Birds which do indirect injury by killing 
other useful birds will be described further on under the 

• beading Insccfs, 


2. Danunjr Pour. 

Destructive species of birds cat-up seeds and fruits, bite-off 
buds, young shoots, and tender seedlings, but are generally 
useful by destroying insects, and the damage done by birds in 
forests is in general much less than that by the rodents and 
deer already referred to. 


d. Proln lirv llnlrH. 

Delay sowing until the birds have paired, and rover the 
seeds well. The birds, after pairing, no longer fly about in ■ 
large numbers, and they kill more insects than before 
pairing, both for themselves and for their young. 

The seeds may be steeped in red-lead mixed with waters or 
in distilled water, lime-water, or very dilute acids, so as to 
hasten the germination, and the period of danger from, 
seed-eating birds may thus be reduced to as short a space as 
possible. 

■ Sowings may be covered with moss, or branches ; in 
pUrseries, with wire-netting over hoops of hazel, willow, etc. 

Scarecrows may be used, oi\ paper feathers on string, or 
stuffed birds of prey. 

Watch the .sowings till the young plants are large enough 
to be out of danger. ‘ 

g. Fire off blank cartages, or shoot the birds. 



Section 11. — The Capercailzie and other Grouse. 

1. Damage Done. 

The capercailzie , which frequents extensive tracts of moun- 
tain forests, injures nurseries and cultivations of conifers in 
'winter and spring by biting-off buds and young shoots; in 
•nurseries, when the buds of the plants just appear above the 
#now, they are frequently cut-off in great numbers by these 
birdfi, the cock being more injurious than the hen. Birch- 
buds and small green pine-cones are also eaten. The caper r 
cailzie in winter frequents old w f oods with advance-growth, and 
Jeeds chiefly on the needlos and buds of old spruce trees, but 
is very fond of the buds- of neighbouring young spruce. In 
Scotland it prefers Scots pine. In the spring it scratches 
the soil in search of insects and worms. 

The Mack-grouse lives in mossy .heather-land, and does 
much less harm to forests than the capercailzie. It eats the 
buds and inflorescence of birch and other broad-leaved species, 
and attacks buds of conifers and young needles of the larch, 
but chiefly nourishes itself with berries and small shrubs 
{bilberry, heather, etc.), and keeps itself alive in win tor by 
sating needles of old spruce trees. It goes higher in the 
mountains than the capercailzie. 

The hazcl-y rouse is chiefly found in broad-leaved woods, in 
the Austrian Alps and the Russian Baltic Provinces ; it feeds 
during winter on birch and alder buds and hazel-catkins. Jn 
Bummer it chiefly eats berries, but does less harm than black 
gamfe. 

Pheasants scratch-up sowings in the forest/ and nursery 
seed-beds. 

2. Protective Rules* 

Fence-in nurseries with .tail thorny bushes, as th v 
capercailzie is very shy, and avoids places so protected. 

Branches of spruce, etc., may be laid over sowings t 
impede the movements of the birds, and nursery seed-bed 
pay be protected with wire-netting. J|gy transplants. 



Section III. — Pigeons and Doves. 

1. Damage Done, 

Wood-pigeons and doves eat up forest seeds, especially of 
spruce and Scots pine, also buds, catkins, etc. The wood- 
pigeon and the stock-dove in autumn also eat acorns, heoch- 
inast and beech cotyledons. Turtle-doves eat- up seedlings, 
doing most damage in March, and from April to October, 
when they often alight in flocks on sowings. 

The wood-pigeon, the largest kind, prefers coniferous forest 
(spruce) ; the stock-dove, beech and mixed forest of broad- 
leaved and coniferous species; the turtle-dove, the smallest 
kind, lives near water in small woods among iields and 
meadows. The wood-pigeon is one of the worst enemies to 
agriculture. 

2. Proieetire Jtnlt'x. 

Those already given under the general heading apply here. 
Scarecrows are only useful at first, as the birds soon got used 
to them. Strewing seed-beds with spruce-needles instead of 
moss protects against turtle-doves. Shooting is best done at 
the breeding season with decoys, or over salt. Small vessels 
containing salted clay, anise, hempseed or wheat are placed 
here and there over the endangered sowings, and the pigeons 
flying down to them are shot. 

Section IV.— Jays and Nutciiackkus. 

1. 7 Umage Done , 

The jay is extremely destructive, eating acorns, beech-nuwv 
walnuts, hafcel-nuts, cherries and other fruit, digging-up ger- 
minuting beech-nuts and young oaks to eat their cotyledons/ 
It also destroys the young and eggs of other birds, and even/ 
attacks new-born hares. Once it has discovered a sowing of 
acorns, it will completely strip the bed. In acorn sowings in 
the Forest of Dean in 1899, it was found that, when the turf ' 
was broken up over the lines of sowings, the birds picked up/ 
most of the acorns. When the turf was taken up and] 
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r *l|iaced over the acorns, the birds did not recognise the p3ac# 
fj&tid lett the acorns alone. 

At the same time, by placing acorns and beech-nuts singly 
- in holes in the ground, which it afterwards forgets, it assists 
in the spread of the oak and beech. Of more value is its 
■power of attacking mice and insects, hut the good done is less 
than the harm effected in other ways. 

The miUrnc her, though not uncommon in the spruce 
forests of the Schwamvald, the Bavarian Alps, the Tyrol and 
Switzerland, is rare in Central and North Germany, and in 
tire British Isles. Its food consists of hazel-nuts, acorns, and 
beech-mast, and especially the seeds of the Oombran pine, of 
which it is so fond as to pick them out of sowings and seed- 
beds in the very presence of the workmen who arc sowing the 
seed. It also destroys the eggs and young of useful birds. 
This extremely restless bird also sows seeds, and in this 
respect is more useful than the jay, as the localities it prefers 
in the high mountain regions are those where planting is 
extremely costly, and any assistance to man’s action in 
rehouse mail is of great value. 

2 . VrotcciU'o ] lairs. 

Cover up endangered sowings with branches of thorn-bushes, 
immediately after sowing. 

Shoot in autumn, when jays keep hying from one oak to 
another. Sevoral hundred jays are thus shot every year in 
Baaing Forest. 

Section V.— Finches, and other Small^Birds. 

1 . Damage Done, 

£ The hatrfmch , rare in the British Isles, is very fond of 
|ruits and seeds, especially those of the hornbeam, cherry, 
|maplos, oaks, beech, alder, elm and conifers. The traces of 
Its activity are seen in the remains pf the fruit lying under 
the trees. It also bitee-off buds. In general, however, the 
'damage done by this bird is greater in gardens and orchards 
$han in forests. 
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f The greenfinch feeds its young on soft seeds, and by Urns 
^destroying countless weeds it is of great, service to the 
gardener and agriculturist. Later on in tho year, however, 
it unites in large flocks with the chaffinch and other finches 
and small birds, and they may do 
much damage to sowings jn the 
forest. 

The chaffinch is extremely fond 
of coniferous seeds, those of the 
pine, spruce, and larch, and bites 
off young cotyledons of conifers as 
long as they are covered by tho 
testa. It also eats beech-nuts, 
and the cotyledons of beech- 
seedlings. 

The b rambling appears in tho 
late autumn and winter in large 
flights like clouds, and attacks 
beech-nuts and coniferous seeds. 

Le Monlboliard states that in 
17 Go, after a good beech -mast 
year, for several nights GOO dozens 
were killed near the lthinc, and 
de la Fontaine computes a flight 
of bramblings in Luxemburg in 
February; 18G5, at 60 millions. 

Stevenson in March, 18G5, saw a 
flock of bramblings near Slough 
which passed him without inter- 
mission for B5 minutes. Bofcli 
this species and the chaffinch are 
" extremely destructive to coniferous 
-and beech sowings, and to natural 
reproduction of beech, which it is extremely difficult to guard 
against them. j 

The mkin also appears in great numbers, and prefers the 
; seeds of the alder, but also attacks sowings of birch, spruce, 
i silver-fir, larch, and other conifers. Something may be said 
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insects; the hawfinch frequently catches cockchafers even*] 
when they are on the wing, nnd then, perching on a twig*- 
picks them to pieces, letting the hard elytra and legs fall to 
the ground. 

Crowbills are extremely ravenous, and appear in swarms 
when there are good seed-years of spruce and Scots pine/ 
They livo on the seeds and berries of trees of several species. 
They bite off cones by the base, and open out their scales 
with their beaks and pull out the seeds. The common cross- 
bill can only open spruce-cones, but the parrot crossbill also 
attacks pine-cones. They eat mountain-ash berries when 
cones are scarce, and even thistle- and dock-seed, and have 
been seen to eat beech-cotyledons. They do some compensa- 
tion by eating plant-lice. 

2 . Protective Rules. 

Blue strings may bo placed crosswise over sowings. 

Bed-lead can be applied to the seeds in the following manner : 
In a wide vessel, water and 1 lb. of red- lead are stirred toj 
gether, and 7 to 8 lbs. of spruce-seeds mixed up with it, aboi|| 
1 lb. at a time, the water in the vessel being constantly &rre|i 
until the seeds will take up no more of the lead. Tw seeds 
can be sown at once without drying. This costs &/. per lb* 
of seeds for labour and material. Dilute carbolic acid may 
also be applied to seeds, as already mentioned. {Scarecrows 
are of very little use against finches. 

I - The seed-beds may be watched during the dangerous time, 
rand blank cartridges fired. 

J A good plan is to shoot some of the birds, and hang the 
Indies to stakes near the seed-bed. ■; 

;*/■ Cones bitten off and dropped by crossbills may be utilised 
secure the seeds remaining in them. 

Section VI.— 1 Woodpeckebs. 

I" The question whether woodpeckers are usefuL or hurtful to, 
Crests has been a subject of dispute, and will be hero; 
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1. List of Woodpeckers. 

In Central Europe the following species of woodpeckers are 
found 

Black woodpecker (Pints martins, L.). 

Greater spotted woodpecker {Dendrocopus major, Koch). 

Intermediate spotted woodpecker (/>. mediae, Koch). 

Lesser spotted woodpecker (I). minor, Koch). 

White-backed woodpecker (1). leuconahis, BclisU. 

Three-toed woodpecker (Apternns tridncti/lns , Gould), 

Grey woodpecker (Pints cunns, GmeL). 

Green woodpecker (Pints viridis, L.). 

The two last species are termed ground- woodpeckers. Of 
these the green woodpecker is the commonest in Britain, arid 
LK major and minor also occur. Nos. 2, ih and 7 are said to 
be commonest near Giessen, where Hess resides. 

2. Opinions of rations Authors. 

Opinions regarding the utility or otherwise of woodpeckers 
from a forestry point of view have varied from time to 
time. Towards the end of the eighteen Ur century they were 
considered hurtful by pecking holes into trees which were 
sometimes sound ones. 

In Beckmann’s “ Handbueh der Jagdwissensehaft,” published 
at Nuernberg in 180*2, this opinion was adopted, and in conse- 
quence a reward of 2 d. per head was offered in Germany for 
their destruction. Bechstein was the first, in 1802, to consider 
them useful, and Walther in 1803 ; also Gloger about I860. 
.Foresters then went to the other extreme, considering wood- 
ipeckers as extremely active in destroying insects, and ignoring 
, their propensity for making holes in trees. Altum in his “ Forst- 
| Boologie” reverted to the former opinion, stating that wood- 
: Ipeckers were practically useless against dangerous bark-beetles* 
/but attacked the larger and less important longicorn-beeties, 
"and that they themselves did considerable damage to trees. 

/ Altum wished, however, to protect woodpeckers on esthetic? 
.grounds, because they enliven the forest and please the eye* 
Judeich foll^ Altum ’s views to a certain extent. Kbuig* 
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febner, Vogt, the brothers Muller, Tasehenberg, Borggreve,' 
Tordlingev and others consider that the utility of woodpeckers 
■utwcighfithe harm they may do, and Hess expresses himself 



l?ig, 55 - Scot* pine corn's lixod 
into a ticu by woodpecker 
(J nat. me). 


Fig; 50, — Spruce cane attacked by 
woodpecker. 



&s of the same opinion, from the most recent observations or 
the subject. 

3. Damage done by Woodpeckers. 

Woodpeckers eat forest-seeds, peck wounds in saplings, and 
aolesiti-sound poles and trees ; they girdle sound trees and 
lestroy telegraphies and wooden roof-shing^. 
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ft. Destruction of fads. 

Dendroeopm major alone of the woodpeckers eats large 
quantities of coniferous seeds. It 
wedges the cones, which $ it has 
plucked from trees, in a cleft in the 
hark, or in an angle between a stem 
and a branch, and opens them out 
and removes the seeds with its bill. 

We can distinguish between the 
action of the woodpecker and cross- 
bill in this refcpect. Frequently the 
ground under a tree is covered with 
opened -out cones. Also walnuts, 
hazel-nuts, acorns, and other fruits 
are eaten by the great woodpecker. 

The damage done is not, however, 
tyery serious, as woodpeckers are solitary birds. 
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f>. Pfchintj I loft'* in sound Tiros, 

The black and the great woodpecker do most of this damage, 
and attack isolated trees and saplings. The woodpecker also 
attacks freshly planted saplings of oak, befell, acacia, exotics, 
etc., and the reason for its doing so is not very dear; in 
coniferous woods it may thus free the beak from resin derivod 
, from the cones it has been attacking. 

Older trees are also attacked, such as avenue-trees (poplars, 
limes), oaks occurring in coniferous forests, boundary trees, etc. - 
Most of this damage is done during spring and early summer 
j hut it is too rare to be of any practical importance. 

f c. (tirdlintj Trees, 

y The same two woodpeckers, while hanging to the trunk by 
$yir feet with the support of their tail feathers, encircle trees 
With rings of holes arranged horizontally. A callus forms at 
toach hole, hut is pecked at again and again until quite a ledge 
p&Q been made round the tree. Trees may sometimes be seen 
imth several such ledges, one above the other, resembling the 
Icings on bamboos. The reason for these attacks on sound 
Ifeees has not yet been discovered (Fig. 58). 
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Fig. 58.— Sootepine girdled 
by woodpecker. 

* Ring, with bark still 

Tomainittg. 

b Ditto, bark half removed, 
b Ditto, bail entirely re- 
moved. 


d. Destruction of Telegraph-Post#, 

The great woodpecker as well as the" 
black and green woodpeckers share 
in this damage. Attacks have been 
observed both on coniferous or oaken 
posts, whether kyanised, or not, and 
generally commence at an old screw- 
hole. In 1881 , the Director of Post- 
Offices for the German Empire issued 
a circular order that all holes in 
telegraph-posts should be filled with 
wooden plugs, and that holes freshly 
made by woodpeckers should be at once 
smeared with tar. Injuries done by 
woodpeckers to the wooden shingle 
roofs of forest lodges and other solitary 
houses have been noticed, but are rare 
and unimportant. 

4 . Utility of Woodpeckers, 
a. /text ruction of Inserts.* 

The injurious insects, which wood- 
peckers devour, live either in or on the 
surface of the soil, or in the wood or 
hark of trees, and the latter kinds are 
preferred. 

Woodpeckers chiefly seek animal food 
from April till late summer. They 
capture cockchafers, pick grubs from 
fruit, and eat the pupae of moths and 
sawflies; they dig into ant-hills, con- 
suming numbers of ants, which are 
said by Yarrell to be the chief summ|r 
food of the green woodpecker, and they 
peck holes into the ground in search of 
cockchafer grubs, wire- worms, etc. For 
the most part, however, they hunt oil 
trees for weevils, bark-beetles, longicom- 


beeiles and their grubs, sawflv larvae, gall-insects, spiders, etc* 


Mg. W shows a Scots pine stump attacked by woodpeckers 
n search of insects. 

The tongue of woodpeckers, owing to its construction, is ex- 
remely useful in the search for insects ; it is very long and tliin^ 
tnd is furnished near the tip with a few stiff barbs pointing baek- 



Fig. 59. Scots pin*' xtutnp visit* d liy noodptrlv'Ts. 

(After A limn.) 

vards. The cornua of the hyoid bones, which support it, curve 
•ouudtho back of the head to its upper surface, terminating in 
i cavity in the bones of the beak, and their mobility and great 
ength allow the tongue to be freely extended. The woodpecker 
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a Head of woodpecker (Picus cunut, Gmcl). b Tip o! tongue with barbed hairs. 
h Cornua of the hyoid bone, x Opting in the maxilla for 
« Nostril. the cornua. 

0 Ear. s Tongue. 

$ Salivary gland, 

darts its tongue into cracks in the bark, using the barbs for, 
detaching the insects, which are captured by adhesion to the 
jjfljmy surface. The spotted and ground woodpeckers hunt in 
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phis manner more or less throughout the year, the formei 
Chiefly on trees, and the latter more on the surface of th< 
ground. 

^ Woodpeckers detect insects by the senses of sight, smell anc 
pound ; it is not yet decided which of these is predominant. Ii 
^cannot be denied that they prefer the large but less harmful 
larvae of Cerambycidac , Comix and Shrx, to the minute larvae 
|6f weevils andJbark-beetles, but repeated observation shows 
; that they are also keen hunters of (he latter. Amongst 
: most hurtful species which they destroy may be mentioned 
Pixsodes piniy L., 1\ Hnt<ttus,Y\i)>i'., Myidoyhihix pinipenla, L., 
and Hylaxtex jiaUiatm, Gyll. The damage done by the blacli 
and ground woodpeckers to ant-hills may indeed be classed as 
injury to the forests, to which ants are useful, but living larvae 
of parasitic beetles are, when present, often preferred to ants 
by the woodpeckers. 


b, XidijlntUon in Trm. 

f:» Woodpeckers cannot make nest-holes in trees without 
injuring them, but this is done chiefly in the case of soft- 
wooded species, the aspen, lime, etc., or in rotten old hard- 
i Woods.^ The damage done is not great, and the holes are 
subsequently used for breeding by several useful birds, 
Starlings, titmice, and flycatchers, the former frequently 
driving the woodpeckers from a new hole they have just made, 
in order to build their own nest there. 

5. Summary* 

35, ' ■ 1 

p The result of investigations into the utility of woodpeckers 
|tends to show that these birds by their activity in the destruc- 
pon of insects play a most useful part in Nature, and should 
pierefore be protected by foresters. Hess holds the same 
pyiews as Borggreve, that all useful birds tend to prevent an 
pndue preponderance of insects, keeping their numbers more 
||* less normal in ordinary years. In case of a great insect 
Calamity, however, the action of birds is inadequate to protect 
[the forests ; ichneumon-flies and fungoid diseases eventually 
put a stop to the plague. 
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FOREST INSECTS. GENERAL ACCOUNT. 

SECTION I . — Cli A 8ST FI C A TI ON . 

Entomology is the science dealing with insects, which belong 
to the division of the animal kingdom termed Arthropod a 
including all animals the bodies of which are bilaterally sym 
metrical and composed of segments, that is, of successive 
transverse divisions which present a more or less complete 
recurrence of structural features, and which lmvo articulate*: 
appendages. The body and its appendages possess a hardener; 
exterior, formed of a substance termed chitm, similar ir 
character to, hut not identical with, horn, and the muscle* 
are internal, and attached to the external skeleton. The sym- 
metry of the successive segments is not complete from end t<; 
end of the body, and is more evident in the body- walls and 
their appendages, than in the viscera. The segments arc 
aggregated into deiinite groups, tile components of which are 
more nearly related to each other, particularly in the structure 
of their appendages than to the segments of the other groups, 
This form of segmentation is termed hetmmoiuous. Thg 
nervous system consists of a double chain of ganglia place! 
along the ventral surface of the body, connected with each 
other longitudinally and transversely by 1 1 er ve -commissures, 
and traversed anteriorly by the digestive system ; the vascular 
system is dorsal. Respiration is effected in various ways. 

The four great Classes of Arthropoda are : — 

1. Crustacea: respiring by branchiae or gills, or by the 

general surface of the body ; with two pairs of antenna? mid 
more than eight locomotive appendages, the latter forked or 
biramous, Crabs, lobsters, shrimps, wood^ce, etc. ? 

2. Arachnida: respiring in various ways, usually air- 
breathing : head and thorax united • Willi fun nuiru nf -mure 





id four pairs of legs; abdomen destitute of limbs; 
itennae. Scorpions, spiders, and mites. 



8. Myriapoda; respiring by tracheae, or involutions of the 
itegument ; head distinct, remainder of the body formed of 
sarly similar segments ; one pair of antennae ; three pairs of 
ws and numerous legs. Centipedes, millepedes* 

4. Imecta: respiring by tracheae; head, thorax, and 
bdomen distinct, one pair of antennae ; three pairs of legs 
n the thorax; abdomen without well-developed limbs; 
enerally with two pairs of wings on the thorax. Insects. 

A knowledge of the general anatomy of insects, and of the 
3 rms used in the present book in describing the different 
pecies, is presupposed. 

Insects as a general rule before attaining maturity pass 
hrough a scries of changes termed metamorphoses. 

The different stages of their life consist of the nig, larva , 
hi pa, and imago or perfect insect. Borne insects, such as 
>arasitie lice, do not appear to undergo any metamorphosis, 
he young on hatching-out resembling their parents in all 
aspects except in size, although theylnay moult, or shed their 
kins frequently; they are known as ametaboUc insects. 

The larval stage is essentially the stage of growth and of 
active feeding. The larva undergoes several moults or ccdyscs, 
lever possesses wings and is incapable of reproduction. 

The larvae of insects may be destitute of legs, as in the case 
>{ fly maggots, or they may have three pairs of true legs, on 
||e first three segments after the head, as in the cockchafer 
or in addition to these, two, five, six, or seven pairs of 
dagping feet, or prolegs attached to the abdominal segments, 
>f which the pair on the last segment are known ^ the anal 
orolegs or daspers , The larvae of Lepidoptera are termed 
wter pillars. 

$ The pupa of insects is usually inactive, and is protected by 
dried and hardened skin ; frequently, as in spinning 
Lepidoptera, it is surrounded by a protective case termed a 
moon, and constructed by the larva. 
f In the case of certain insects, as grasshoppers, the pupa 
differs from the larva only in having rudiments of wings ; it 
is still active and feeds, and is termed Such a gag* 
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s converted into the imago by the liberation of its wings at 
ihe last moult. 

The insects which undergo metamorphosis are consequently 
Jivided into metabolic insects, or insects with complete meta- 
morphosis, in which the pupa is quiescent anil does not food, 
and in whicbfhe greatest weight and bulk is attained at the 
end of the larval stage; and into ham- metabolic insects, in 
which there is an aetive-iii/mp/t and the is the bulkiest 

and heaviest form. Metabolic insects form !»5 per cent, of tho 

whole class, «. 

Insects may be grouped cither according to the structure of 
their bodies, or their mode of life,' and Entomology uses the 
former of these characters in their classification, but m l oies 
Protection it is of greater convenience to study the latier. 

Much difference oi opinion lias existed regarding he classili- 
ation of insects. The simplest method, based on Urn systems 
f Linnaeus and Fahricius recognises seven Orders. 10 

ormer naturalist relied principally on the structure of wings 

n distinguishing the different orders of insects and he la e ; 
m the parts forming the insect's month. Hie O.dus may 
dso be arranged, according to tho degree of completeness of 
heir metamorphoses, in two groups containing the iHcUthohc 
md amctabolic insects respectively. Though the degree of 
metamorphosis is of tho first importance as a guide to the 
systematic position of an insect.it is not, when taken alone, 
of the highest value in classification, as it cannot ho tended 
by mere observation of any particular insect, without study $ 

Certain writers who have attached great weight to sUuctuial 
differences, particularly of the wings, have increased the 
-number of Orders to thirteen (Westwood) or sixteen (l ackaid). , 
The groups which have beeft raised to the rank of additional , 
Orders are of minor importance, and contain as a rule a 
number of aberrant forms. In the present work, the lnoadest, 
'and most generally-received classification will lie followed, m„ 
.which the Insects are divided into seven Orders, characterised 

era: with biting month-parts, a free 
land incomplete metamoipl|OSfe, Cockroaches, crickets, loeastfe 
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lermites or white ants, and dragon-flies, are examples of thi? 
Order, the two latter belonging to a sub-order termed Orthoptera 
pBcndo-ncuroptera. In this sub-order the head is horizontal 
;&nd the wings membranous in texture ; in the true Orthoptera 
(O, yemiina) the head is vertical and the wings are stronger 
: and of a moro leathery consistency. * 

J 2. Neuroptera : with biting mouth* parts, a free prothorax, 
two pairs of membranous richly-veiued wings, and complete 
metamorphosis. Lace-winged flies (Chrysopa and Hemcrobius) 
are examples. 

8. (' oleoptcra : with biting mouth-parts, free and strongly- 
developed prothorax ; two pairs of wings, of which the upper 
are horny, protective and not used for flight, being known as 
wing-cases or elytra, and the lower membranous ; complete 
metamorphosis. It includes all beetles, of which the common 
cockchafer may be taken as a type. 

v 4. Uymemph'va ; with biting, or biting and partly suctorial 
mouth-parts; the prothorax fused at least dorsally with the 
^mesothorax ; two pairs of membranous wings with com- 
paratively few veins, sometimes apterous ; with complete 
metamorphosis. Examples: bees, wasps, ants, and sawflies. 
y : 5. Lepidoptcra : with suctorial month-parts, the prothorax 
' annular and fused with the mesothorax, two pairs of mem- 
branous wings covered completely or partially with scales; 
"complete metamorphosis. The butterflies and moths belong 
bo this order. 

Diptera: with sucking mouth-parts, an annular pro thorax 


$J8led with the mesothorax, one pair of well-developed mem- 
branous fore-wings, thejMnd-wings rudimentary and reduced 
^to small stalked knobsjtbrming th#so-ealled pokers. Com-* 
plete metamorphosis. This order includes all flies, 

7. Hemiptera : with sucking mouth-parts, a fre# prothorax, 
ipd incomplete metamorphosis. Bugs, aphides, and scale 
Ipsects belong to this ordeL 

gp Forest Protection deals with fofest insects only, namely, 
llhose insects that affect forest plants either prejudicially , or 
^nejfkidly, and this either directly , or indirectly. Injurious 
Insects have a direct influence on forest plants by biting, 
packing, ot killing theim Both injurious or useful insectfc; 
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'may be killed by other insects, which are thus indirectly useful ' 

or injurious, 

The vast importance to foresters of forest insects, the 
enormous amount of damage which these small but mighty 
- members of Nature’s household can effect, combined with the 
fact that, owing to their small size and obscure mode of life, 
they escape observation much more readily than injurious 
vertebrates, render it necessary to spend more time on their 
study. 

A full account of the anatomy of insects will not be attempted 
here, and the* works of Altum, Ratzeburg, etc., may he referred 
to, the most comprehensive work on forest insects being the 
revision of the 8th edition of Rutzoburg’s book by Judoich 
and Nitsche.* 

The following works also merit attention : 5th Report of the 
United States Entomological Commission, “ Forest Insects,” 
by Dr. A. S. Packard, Washington, 181)0; “ Manual of Injurious 
Insects/’ by Miss Onnorod, London, Messrs. Simpkin, Marshall 
A Co., 1800; “Indian Forest Zoology/’ by E. C. Coles, 
Calcutta, 18$}; and “Injurious Insects in Indian Forests/’ 
by E. 1\ Stebbing, now being published in parts. “ Leitfaden 
der ForKtinsectenkimde/’ by Dr. Nusslin (Paul Durey, Berlin), 
an excellent work for students. 1005. Mr. A. T. (inlanders 
is now bringing out a comprehensive work on Forest 
Entomology. 

Section II. — -Distribution of Insects. 

The geographical distribution of insects may be considered 
both horizontally and vertically. 

As regards the horizontal distribution of insects, the local 
mobility or the wandering nature of many species precludes 
the possibility of defining zones similar to those laid down for 
plants. It may be staled roughly that there are, in Central 
Europe, fewer species in the north and east than in the south 
and west. Beetles, however, form an exception to Ibis rule, 
being more abundant in the north and east. As instances of 
special areas for certain insects may be quoted : The ash-cicada, 

i ; * “ Lehrbuch dev MiUeleuropaischeii Fummscktonkuudo ” (afaacbte A ullage 
tun Bitty eburg’s Die Waldverdcrber uud ihre Feinde) herau egegirtou von 
l>r. J. F. ludelvU u. Ur. H. Nitache. Vicuna ; Eduard Hoisel, 





rhicli does not occur north of the river Main ; the oak proees- 
ion moth is commonest in north and east Germany. The 
karaeter of the insect fauna is, however, generally similar 
ver the whole of the Palsearetic region, which includes 
Surope, the northern coasts of Africa, and Asia north of the 
[reat mountain chains that cross it from east*io west. The 
lumber of species extending over the whole of this region is 
omparatively small, and there are no zones in it in which 
he character of the insect inhabitants is abruptly changed. 
is compared with continental regions under similar climatic 
onditions, the insect fauna of the British Isles is poor. 

-As regards altitude, the distribution of insects depends on 
hat of the trees and shrubs on which they feed, and also on 
ocality and climate. Most insects prefer the wanner plains 
md hilly districts, especially with a sandy soil, where beetles 
hrive. Soils naturally poor and those impoverished by 
’cmoval of litter, sunny aspects, frost-hollows, and stunted 
vegetation are natural breeding-grounds for insects, and 
•equire the most careful supervision on the part of the 
ioresier. The number of species and of individuals alike 
iiminishes with increasing altitude; this is especially the case 
ivith Lepidoptera, which are most dependent on climatic con- 
litions, but beetles are found at a considerable elevation in 
nomitains. Certain species of weevils and bark-beetles may 
ae considered as mountain insects, such as Otioft'hynchus 
tiger, Fabr., Tom inis vemhrae , Heer, Tlylastes ylabratm, Zett, 
Even spocies of Ckermes are found at elevations of between 
},000 and 3,600 feet. 

Insects, especially beetles, can support severe winters. 
This was proved in 1870-1, 1879-80, the summers that 
succeeded these hard winters being rich in insects. Their 
horny elytra or wing-coverings protect them, and instinct 
impels them to creep under roots and into cracks in the bark 
of trees, or under moss or dead leaves for protection against 
the weather, or to burrow underground. Moreover, as their 
enemies, moles and insectivorous birds, cannot touch them 
when snow or frost covers the ground, and are themselves killed 
in very severe winters, such weather is really favourable to 
insect life. A warm winter, which is usually accompanied with 

j - . -r. •• .x ' , i ,Tf o ' . . . . .v . 
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Such moisture, is very destructive to hibernating insects, 
^specially hairy larvae, which suffer from fungoid diseases. 

Insects’ eggs and pupae are almost insensible to cold. 
Hairless larva) are most sensitive, especially at moulting 
periods. Cold damp weather and cutting winds will then kill 
them off in myriads. Storms blow larvae by thousands from 
the crowns of trees. Uniformly warm years without heavy 
rains therefore tend to produce great swarms of insects. Very 
dry summers greatly reduce the food of some insects and 
consequently their numbers. 


Suction 1 1 f L ink- 1 { i story. 

1. (ieu^raiire /Vj tWx. 

Insects are distinguished from more highly organised crea- 
tures by having generally a definite limitation to their duration 
' of life. The lime which elapses between the egg and the 
fresh production of ’eggs is termed a generation. These 
may be tin file or annual , multiple, biennial or plurenniai 

A single generation occurs when an insect goes through all 
its stages within twelve months (not, however, within a single 
calendar year), and is by far the commonest. Thus, nearly all 
hepitlopte^a have one generation in the year. A few Lepidop- 
tera have more than one brood in the year, and, still more 
.rarely, the life of an individual species may extend through two 
^yeavs, as Tortrix resinella , L., or even longer. 

In the case of a multiple generation, several broods are pro- 
duced during twelve months, so that the respective stages, 

- eggs or larva;, of the same species may he found in different 
months. A double generation is here commonest, as, for 
instance, in the case of many bark-beoiles and sawflies. 
f Many plant-lice produce five or more generations in a single 
’■summer, and the Bengal multivoliine silkworm completes a 
generation every month, except during the period from 
^November to February. Three broods are sometimes pro- 
duced within two years, for instance, by Tomieus bidmtatm , 
plbst, but such cases are rare. A plurenniai generation 

that tllft frwwwfc la. V ac rnm’f* {jinn mu* far its full 
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' development, for example, two years in the case oi Jongicorn^ 
beetles and Sirex, and three or four years for the cockchafer. > 

Of the several stages of the insect, that in which it hiber- 
nates lasts the longest, and is generally the larval stage. The 
egg and pupal stages usually last for about two to four weeks 
. unless they happen to he the hibernating stage, and eggs laid 
after Midsummer do not generally hatch out till the succeeding 
year. As a rule, the imago stage is the least long-lived ; but 
with beetles this is not the case, as the imagos very frequently 
, hibernate. Many lli/mcnoptera are long-lived insects ; bees, 
for example, live four or five years. 

* F. Biihl, of Zurich,* has observed the life-period of a 
few beetles in their various stages : eggs, 5-44 days ; larvae, 
47*4040 days (many longicorn larvae live longer) ; pupae, 8-39 
days; beetles, 8-00 days. As a rule, insects with fully 
developed sexual organs live for a short time only, while 
unsexual insects live longer. 

Many families of insects, for instance, bark-beetles, have 
irregular broods ; the state of the weather and the quantity and 
quality of their food may cause the development of one, two, 
or even three broods in a year. On the other hand, certain 
circumstances, such as unfavourable weather, want of oppor- 
tunity for pairing or for laying eggs, may not unfrequently 
cause delay in a brood. Thus, for instance, a brood of the 
pine sawfly {Lophynts pini , L.) has been known to extend 
over 1J to 2 years, instead of there being one or two broods in 
the same year, 

2. Habitat. 

The habitat of insects varies according to their state of 
development and the season of the year. They are sometimes 
found on or under the surface of the ground, or on woody or 
herbaceous plants. They generally hibernate under the soil- 
covering, or inside the bark of trees. As a rule, all insects 
i material on which they feed, but many wander? 
^ against their will, as when they are blown into 
of wind. They generally endeavour to return 
er abode, as in the case of bees and ants. , l 
dnples of insects that have been imported to Europe? 

* * Ceutmlblatt fiirdae Ges. Forstwesen,’' 1888, p. 15>$. 



4re : Thelongieorn beetle, Gracilia pyymava, Fabr., which came 
to Germany in the hoops of casks made of willows or oak. 
Species of Lyctm were imported in Australian wood. The 
destructive Colorado beetle (Doryphora dec cm I incat a) came 
from America with a cargo of potatoes. The phylloxera 
{P. rastatrkv. Planch) on American vines. 

3. Mobility. 

The mode and degree of rapidity with which insects move 
may be usually inferred from the structure of their organs of 
locotootion. Some insects have legs for running, as ground- 
beetles; for jumping, as fleas; for digging, as crickets; for 
swimming, as water-beetles. 

The imagos run or fly ; their course being rapid {Cara bus), 
or slow (Crrctmbyj) ; their flight is either fast (/bw/m), slow 
(MMontha), irresolute (Papilio) t or hovering { Syrphux ) ; ex- 
tended (Sphynr pinastri , L.), or short (Gryllux). The flight 
of the $ * is heavier than that of the j , especially when she 
is laden with eggs. 

The mobility of the larvw depends largely on the number of 
their legs ((♦, 8, 10, 10, 18, 2‘2), all hut six of which are soft 
and fleshy prolegs. Many lepidopterous caterpillars assist 
their movements by spinning threads, such as those of many 
Bombyces, Geometers and Tortrices (cjj. J'ortru; viridauu , L.) 

4. Fond. 

> Metabolic insects feed only as larvae and imagos, and chiefly 
in the former state. Thus, the food of butterflies and moths 
v i% limited to the nectar of flowers. Homo beetles, however, 
'are destructive as imagos only [llylobim ahklk, L., etc.). 
JAmetabolic insects also feed in the pupal stage. The appetite 
fbf larvae in both groups is enormous, and there are larvae 
>which eat daily more than their own weight of food. 

| * Insects may be termed carnivorous or phytophagous , according 
|is their diet is animal or vegetable. Most insects useful to 
the forester belong to the former category, whilst plant-feeders 
are all more or less injurious. 

C * The symbol ? denotes the female, e the male, and f ? the worker, ot 

sfajperfect female. , 



K In accordance with their choice of nutriment, insects ma$| 
be claseed as mono-, poly- or pantophagous* Monophagous 
; insocts only attack certain plants or at most a group of plants, 
t such as broadleaved, or coniferous trees. Polyphagous insects 
attack trees of both kinds, whilst panto phagous attack herbage 
m well, and are least numerous of all.* 

Observations are not yet complete regarding the monophagy, 
or polyphagy of certain insects. The hitherto accepted 
monophagy of some insects has often been upset. Tomicus 
typographies, L., and T. amitinus, Eichh., formerly considered 
exclusive to spruce, have also been found on Scots pine “and 
larch. Myelophilus phiipmla , L., has been found on spruce, 
as well as on Scots pine. In this respect, the observation of 
beetles is more difficult than of Lepidoptera, that live in the 
open. 

Even amongst carnivorous insects, monophagous and poly- 
phagous species are to be found. Many parasitic insects, for 
instance, attack only a single species of moth, and in one stage 
only of its growth, in the egg, larval, or pupal state. 

Conifers suffer much more than broadleaved species from 
insect-attacks. They afford nourishment to a greater number 
of injurious kinds, and do not recover from damage so readily, 
as they cannot replace injured members so easily as broad- 
leaved trees. The Scots pine and the spruce are attacked by 
the greatest number of species of insects, and pure woods of 
,these trees suffer most severely. Amongst broadleaved trees, 
bak, beech, poplars and willows suffer most, the birch and 
alder less, and less still hornbeam, maple, ash. Least of all 
robinia, mulberry, walnut, plane, sweet- and horse-chestnut.^ 

; Suppressed, weakly, and injured or diseased trees generally 
puffer more from insects than healthy trees ; at any rate this 
Jholds good for mature trees with thick hark. Hence injurious 
insects increase and become more dangerous wflfen trees have' 
buffered from various climatic or physiological injuries, or- 
those caused by abrasions, bad pruning, etc. 

Species of insects which live on dying, dead or rotten wood 

l-l, * This definition is that of Hess. As a rule, entomologists would hardly 
Ajatl & species that feeds indifferently on PU'ca, Pinm, and Imvvx monophagous, f 
'$ut would reserve the term for those insects whose diet is limited to a single ‘ 
Species or genu#. 
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$re of no importance to the forester; such are the stag-beetle 
:(Lucanus cams, L.), and many species of Anobiulae and 
Cerambyeidae, 

Many insects confine their attacks to fully-grown or old 
trees ; others attack only young plants {Ilylohiu* ahieti a, L.) ; 
others attack trees of all ages {Mydophilus pinijwnht, L.). 

The attack may he on the roots {(xnylloUilpu ruhjttri*, L., 
Melolovtha rulffuris , Fabr., in the larval, state) ; on the bark 
(most species of Tomicux and 'Ilykxinns) ; on the wood 
itself [Trypodcndron Uneatinn, Gyll., species of Him* ami 
Ceramhyx); on the leaves or needles {Chn/wimhi and 
most lepidopterous larvae) ; on buds (Curatlionhhu', Tortrix 
htoliana , SehiiT.) ; on the blossom (A nthonomus jiomontm, L.) ; on 
fruits ( Balaninus minim, L., Carpocupsa pomoudhi, L., Tortrix 
strobilfda, L.) ; on the pith (Mydophihx piuipnda, L,), 

Many insects by biting and sucking produce malformation* 
termed galls on leaves, shoots, fruits, etc. {Cynips, Aphis, 
Cecidomyia, ('hemes and Cocddar,e tc.) ; such damage is easily 
discernible, hut is of subordinate importance. 

Damage by insects reduces the production of good seed by 
the trees attacked. Dr. A. Hosaeus investigated the seed of 
Scots pine from trees attacked by and free from leaf-larvae, 
obtaining 1 and 45 per cent, of good seed respectively. 

Section IV.— Number. 

The number of individuals of a particular insect that may^ 
coexist is in many species limited, but in others may attain 
vast proportions, especially under favourable circumstances, 
i Thus in 1884,* 200 square miles of sal forest (Shorea robust a) 
in Assam, north of the Bramaputra river, were ravaged by 
the caterpillars of Dasydiiva Tluraitesi, the trees exhibiting 
•Complete or partial defoliation. The appearance of certain 
insects shows a periodicity, corresponding to the eleven years’ 
leather periods. 

Fortunately, the most prolific of insects, plant-lice, are not 
Jthe most destructive to forests; these creatures, according to 
E^aumur, may produce 5,000 millions from one female in the 

* * Indian Forester, Tt rot xx,, p. 266 t 



^oiirse of five generations, and in one summer ten shell | 
generations may occur. The average number of eggs of the 
commoner injurious insects varies between 100 and *200 
(Itatzeburg). Warm, dry weather and plenty of food, and 
; breeding-places, such as diseased wood, or branches broken 
by snow, are very favourable to prolific multiplication. Under 
auch circumstances, insects that are generally of limited 
numbers may appear locally in destructive swarms. Besides 
the case of bark-beetles, such an abnormal increase is frequently 
met with in the case of the grey-tussock moth ( Dasychira 
pudibunda, L.), allied to that species which ravages the Indian 
siil forests. 

■ One favourable season is not usually sufficient to produce 
an insect-calamity, but two or more successive favourable ' 
springs and summers. 

Most insects arc solitary, but many, such as bees, ants, 
certain kinds of wasps, and termites, are social and have a 
wonderful organisation, framed on the principle of subdivision 
pf labour. The larvae of some moths are also gregarious. 


Section V. — Useful Fokkst Insects. 

, Carnivorous insects attack other species in various ways, and 
lave been subdivided by Katzebflrg as follows : — 

Predatory insects follow and kill other insects in every stage, 
abound- and tiger-beetles belong to this group. 

Predaceous parasitic insects, like the former class, seize oilier , 
nsects, but carry thgm to their nests, where their own larvae 
eed on them. Such are the fossorial wasps ( Spheyulae or 
Jrabronidae) ; they first sting their prey, but without killing 
hem, and thus render them inert. •; 

. Finally, parasitic insects wound the larvae, pupae, or even the 
iggs of other insects with their fine ovipositors to lay eggs in 
shem. The larvae hatching from these eggs fe^ ™ f he juices 
$ their hosts. Ichneumon-wasps and some achinae) , 

*re examples of this group. 

| A classification of these insects according to ffieir utility is 
larcely possible ; of predatory insects, the largest are generally 
m most useful, especially species of Carabus and Calosoma . , 



jhneumon-wasps and parasitic flies increase in numbers in 
proportion to the abundance of their hosts, which bring about 
n insect-calamity ; they thus assist in suppressing it, whilst 
ither animals, incapable of rapid multiplication, can only beep 
town the numbers of injurious insects in ordinary times. 


Section VI.— towers Fouest Insects. 

1. Damage done. 

The grouping of insects that are injurious to forests may 
follow either the degree of damage done, or the kind oj damage , 
or nature of the attack. 

a. Degree of Damn ye. 

In accordance with the amount of damage they do, no inuj 
distinguish forest insects ns highly injurious, ilnri.MI//, oi 
du/hthi injurious. The degree of resistance of the species o: 
tree, the' pari of the tree attacked, and the severity of th< 
attack, as well as the abundance and voracity of the insect n 
question, decide the degree of injurimisness for any case. 1 
is, however, impossible to assign any strict limits to the severe 

groups. . , 

An bisect is considered highly injurious when by the natiw 
and duration of its attacks, masses of plants or whole woods 
otherwise healthy, may be killed over more or less extensive 

areas. . 

To this category belong, e.g., Mehdontha ndgans, rabr 
Jlyhihius ahie.tis, l'abr., Tnmkns tyjMjruphm, L., Oashroparli 
pirn, L. The two former insects frequently destroy extensiv 
areU 8 of young plants, and the two latter large areas of foies 

iims. . , 

Dtculedhj injurious inserts destroy certain organs only of tree 
^ueh as the leaves, inflorescence or fruits, shoots, or stems, < 
they weaken and eventually kill plants here and there in tl 
'Woods. Most iftjurious insects belong to this group. 
f Slightly injurious insects hardly deserve notice from a fore 
fjpoint of view, as they only cause trifling damage ; they eith 
Attack dead steins or tree-parts without impairing their cor 
|mercial value, or the damage done by them to leaves, shoot 



bo,, has no subsequent fatal effect on the plants, bucti are?, 
artrices and leaf-miners, and many gall-insects. 

In a time of exceptional multiplication, a slightly injurious 
nsect may become decidedly injurious , or a decidedly injurious 
usect, highly injurious. A single species of insect may also 
>e injurious in a different degree to different species of trees ; 
t may prefer one to another, or one tree may recover more 
jftsily tHan another from its attacks. 1 Aparin monacha , L., e.g 
s far more injurious to conifers than to broadleaved trees, 
ind to the spruce than to the Scots pine. 

p b. Kind of Damage. 

Insects may be classed according to the kind of damage thej 
3o, as commercially or physiologically injurious. The formei 
Blass renders useless, or greatly reduces the commercial value oi 
the part of the tree they attack, as when wood has been borec 
by Si rex, Ceramhyx, Anobium , or Lyctus. 

Physiological injury on the contrary is that which interferes 
with the vitality of plants, checking the growth, or even killing 
them outright, as when the cambium of a tree is eaten In 
Tomicus typographus, L., or the needles by Gusteropacha pini 
Xi,, or by lAparis monacha, L. 

Insects coming under the second category are therefore mori 
hurtful than those which merely destroy wood, although tli 
burrows of the latter are sufficiently conspicuous. Moreover 
most wood-borers live in dead wood. It is, however, possibl 
to pay too little attention to commercially injurious insects. 

The degree of physiological injury depends on the specie 
of insect, its mode of attack, numbers, and also on the species 
^degree of healthiness and age of the tree, the season of attacl 
";and on other local circumstances. Mention has been alread 
;made of the greater susceptibility of conifers; the splhic 
buffering most of all, then the Scots pine, silver-iir and larcl 
'the latter bridging the way towards broadleaved trees. Youn 
trees, especially one to three years old plants, shffer more tha 
pld ones; and injury in the spring is more harmful than thf 
done in summer or autumn. Cambium eaters do more darnag 
$mn wood-eaters; leaf -eaters more than flower or fruit-eater 
t , JEke healthier and stronger the attacked plant, the better . 
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-eslsts insects. On poor sandy soil, and in unfavourable 
lituations, frost-holes, etc., the damage done is greater than 
o plants in good localities, as the repairing force of Nature is 
ihen greatest. 

r. Chumcin' of th<* MM\ 

The attack may he either primary or arcomhtry in character, 
[n the former case, 
healthy trees are 
injured by insects 
attacking the leaves, 
buds, or seeds; by 
many shoot- borers, 
root-gnawers, and 
insects which attack 
young plants or sap- 
lings. The attack 
of other insects is 
only * annulary , that 
is r it is made ex- 
clusively, or by pre- 
ference, on plants 
already weakened by 
other causes (wild 
animals, fungi, 
drought, frost, etc.). 

This is specially 
true of bark and 
wood insects, which 
abound in old coni- 
ferous trees. The 
rlcji flow of tur- 
pedfene from sound 
trees would kill the f'jg. (jj, — Galleries made by Tenth mb awjuhtn, Fab 
youilg larvae. Cer- « Common bore-hole, h Larval jMoaiges. 
tain species, such as 

tWf ,ba$>beefcles of broadleaved trees, according to circum- 
stances, may make at one time primary and at another 
secondary attacks. 

This distinction is of practical importance, as nothing can 




pMf jmma' 

g£done in cases of primary attack except to remove fee parta^ 
Of fee trees which have already been attacked, togethei with : 
the insects concerned ; species which make secondary attacks 
Kan alone be caught by tree-traps. 

if. Species of insects which occur in forests, but confine their 
lavages to grasses and herbage, are of no economic importance, 
Unless these products aro of exceptional value. 

'• Finally species in themselves harmless, hut which may 
-mistaken for highly injurious insects, are termed by Eatzebnrg 
'deceptive insert*, e.g., Lithosia quadra, L., the larvae of winch 
appear on all conifers, as well as on oak, beech, etc., in con- 
siderable numbers. .It is quite harmless, feeding only on 
lichens. It greatly resoinbles Lijmm monaclm, L., foi which 
it is often mistaken. Tmlhrrdo ciwjidata, Fate. ! the larvae 
feeding on bracken, which they often completely devour, 
occupy galleries of bark-beetles under the bark of pines and 
make galleries of their own in pine bark, without injuring 1 10 
trees in any way (Fig. 61 ). The forester .must therefore 
learn to distinguish harmless species from other injniious 
kinds which they may resemble. 


* 2 . J'reraitiir Hides, 
a. fiylvimUural. 

Since the majority of injurious foreign insects especially, 
bark-bcotlos, prefer to attack sickly, stunted or weakly forest- 
plants and mav spread from these to tlieir healthy neighbor 1 
the safest method for preventing insect attacks is to .follow the 
rules which experience has laid down 111 sylvicultm e and forest 
Utilisation for the formation, tending and harvesting of woods. 
In general, the following rules should be observed : 

t a) Choices of suitable species of trees and proper system* of 

leceneration. The species must be appropriate to fee locality, 
imd th^ system must correspond to fee nature of the species 
lirown. It is specially important to select strong healthy 
Intents tor plantations, and to plant most carefully. _ 

$< U) Avoidance of extensive pure woods, especially m 
^^%ous forest. It is better to grow mixed woods, and to 
>,ThaTie<*-„ flave( j species with conifers. 
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Even on sandy soils, where Boots pine naturally thrives, 
a mixture of Weymouth pine should be introduced, and a 
few birch, aspen and robinia. If the pines should be killed 
outright by insects, the wood will not become absolutely 
bare. 

(iii) Careful and frequent examination of the woods for 
injurious insects. This precaution is most important in coni* 
ferous woods on poor, dry soil, in warm localities and 
especially during the spring. 

It is most important to keep a careful watch round placet 
where swarms of insects exist, and from which damage gene- 
rally extends in all directions. The subordinate 1 orest Staf 
must be instructed to recognise and attend to the signs of ar 
impending attack of this kind. Such signs are: unusual num 
hers of woodpeckers or cuckoos in a compartment; bitton-of 
leaves or needles lying on the ground; spun threads hanging 
from the twigs; withering of foliage: excrement, or borinj 
refuse, or bore-holes in the stems ; exudation of resin ; dis 
coloration or peeling off of bark; and appearance of number 
of ichneumon-wasps or flies, eic. 

(iv) Early and frequent thinnings, without interruption o 
the leaf canopy, are desirable. Such thinnings should removi 
all forest growth in a suppressed, sickly, or even suspicion 
condition. A forester who merely removes dead wood doe 
nothing to prevent insect attacks, for in it only unimportan 
species breed, lining stems, are the favourite resort c 
bark-beetles. 

(v) Every attention should he paid to the rules for main 
taming and improving the quality of the soil. This is hep 
accomplished by careful preservation of the soil-coveting, b 

‘ draining away any superfluity of moisture, and by timol 
’ under-planting woods of light-demanding trees, such 0 
oak, larch or Scots pine, with shadehearing ones, bead 
silver-fir, etc. 

• (vi) Suitable preventive measures must be taken agaim 
damage by wind, frost, snow, ice, lire or insects. Broken woo 
rniust he worked up and removed from the forest as soon $ 
possible, or at least barked. 

|||,(yii) la to cietfiu>cutog system, avoid large felling areas, £ 



§sat there may not be extensive tracts of even-aged wooas.' 
Several cutting-series should be established, by the use of 
severance fellings, if necessary. This gives acboice of thefelling- 
■Irea for any particular year, and contiguous compartments 
are not cut in successive years. Fellings should be arranged 
against the prevailing winds, in order to avoid extensive 
'windfalls and the consequent danger from bark-beetles. 

/ (viii) Stools of felled trees should lie extracted or carefully 
^earthed over, especially in coniferous forests, as many highly 
injurious species of insects (Hylohiiia abictis, and several 
' species of ll/ilast™) lay llieir eggs in stumps and roots. 

(ix) Summer-felling in coniferous forests, together with 
careful removal of the bark. W herevor winter-foiling is advis- 
able for other reasons, some of the stems should he left lyinf 
as traps and barked in Way, after the bark-beetles have lai< 
their eggs in them. Wood felled during winter is now usually 
partially harked in strips, if it cannot ho removed before tin 
•breeding season of the bark-beetles. If, however, these beetle: 
i do not find wood with the bark on lying in the forest they wil 
i ) a y their eggs in the bark of standing trees, while the cost o 
partial barking is considerable, and it is easier to destroy th 
larva) in fallen timber than in standing trees. 

The forests must be kept clean, the fellings rapidly an 
‘thoroughly cleared, and material from thinnings carted awa 
without unnecessary delay. 

Further preventive measures against many species of inseci 
are: turning-in swine for “pannage,” the employment < 
caterpillar-trenches, wood-traps, grease rings, etc. As, hov 
ever, these measures arc remedial , as well as preventive, the 
will be discussed further on. 

( x i) Bewards should be offered to the Protective Staff f( 
Uscoveriug injurious insects and for special zeal shown i 
toying out the rules for destroying them. 

f 

, b. Protection of IhmcUvocvus Animal «* 

f'Only those animals should be protected which do mo: 
jj^ofb '.the destruction of insects than barm in otfa 



Me following are the principal insectivorous vertebrates 
Mammal*, 

, All bats, 4 especially Vcspewfo noctula, Shreb., V. discolor, 

■ IS'att,, V. pipist relink, Bchreb. The mole, shrews, especially 
So rex vulgaris, L., the hedgehog, pole-cat, stoat, weasel and 
/badger. These beasts, soino of which have boon already , 
, referred to as mice -destroyers, should be unconditionally 
protected. 

- The fox also devours numerous insects, particularly large 
beetles, and the wild pig is very useful in the case of insect- 
attacks. 

Birds. 

The following birds deserve unconditional protection 
The common cuckoo (Cumins mnoru *, L.) ; woodpeckers, 
the wryneck (dp nr torquilla, L.) ; the night-jar (Capri midp us 
europaeusy L.) ; the swift (Cypsdus apust, L.) ; the tree-creeper 
(Certhia famdiaris, L.) ; the nut-hatch (Sitta caesia, Wolf); 
all swallows ( Uirnndo , L.) ; wagtails ( Molar ilia > L.); pipits 
(Anthtu f, BechsU; hedge-sparrow’ (Accentor, liechst.) ; gold- 
crest (Uegitlus cristatus, Koch): wren (Troglodgies parndns, 
Koch); redstart (II. phomimrtts, L.); stonechat (Sacicola 
rubicola , L.) ; wheatear ( S . omanfhe, L.) ; flycatcher ( Mnmcapa J" 
L.) ; titmice (Paras, L.) ; starling (Sturnus vulgaris, L.). 

} The various species of wagtail eat insects and also small 
snails, Limnaea sp., which are the hosts of the liver-fluke (Distoma 
’ hepatic urn) that is so destructive to sheep. The goldcrest hunts 
i throughout the year for tho eggs, larvae and pupae of insects 
^and for scale-insects on coniferous trees. So do titmice, espe- 
cially the coal-tit (Pants major, L.), P. ater , L., P. eaendius, L., 
caibdatus, L., and P. cristatus, L. The starling is especially 
^useful in clearing off cockchafer grubs from meadows. They 
l^lave been seen, at Coopers Hill, to pick them out of.the 
ypursery, from the side of Scots pine plants which showed no 
|j»igns of attack. The bird walks along the line and hears the 
fipvae working below. It also destroys wire-worms and surface 

Caterpillars. 

r* ■ ‘ ' 

Except the fruit* bat*, called in India flying-fox*^. 



Among Raptores, all owls except the eagle-owl (Bulo ignavus, 
loafer). Gulls ; the black-headed gull (Laws ribibundus , L*)* 
Fbis latter frequently follows the plough, and destroys cock- 
chafer grubs and wire-worms. The cuckoo is exceptional 
rtnong the above birds for its power of eating hairy caterpillars, 
vhich other birds reject. Altum found the remains of 97 young 
Incthoampa larvae inside a cuckoo. 

Of owls, the long-eared owl (Asia otus, L.) and the tawny 
rwl (Si/rmnni alnco , 13oie) are the most useful against insects. 

The following birds merit conditional protection : — 

Passcrcs : finches (Fringillidae) ; larks (Alaudulac) ; thrushes 
*2 \mlUlae) ; the jackdaw {Coven# monedula , L.) ; the common 
and hooded crows (C\ corone , Lath., and C\ cornix, L.) ; the 
rook (C\ frugilegus, L.). 

The above-mentioned passerine birds do damage in various 
ways, chiefly as grain-eaters, but are also useful in destroying 
insects. Where the damage predominates, they must be kept 
down. Thrushes and blackbirds hunt in the forest for insect 
larvae and pupae, and distribute the seeds of useful shrubs and 
trees. 

Raptores : the honey-buzzard (Peru in apirorgs, Gray); 
common buzzard (Buieo vulgaris, Leach); the kestrel {Cairo 
Unnunvulas , L.) hunts crickets and cockchafers, it does no 
harm to game. 

Lhnkolac ; woodcock ( Scolopax rustieola , L.) ; snipe ( Cal - 
Imago) ; golden -plover (Charadrim pluvialis , L.) ; lapwing 
(Vanellus vulgaris, Beclisfc.). 

The lapwing destroys large numbers of wire-worms and 
Setles, aphid ae, and the larvae of numerous insects feeding on 
'ops* Unfortunately the search for their eggs is very 
arsis tent. 

The following birds do indirect damage, by killing useful 
irds or eating their eggs : — 

Passercs: shrikes (Lanins, L.) ; jay (Gamdus glandarius , 
magpie ( Pica r^stica, Scop.) ; raven (Conus corax , L.). 

Raptores : All species except those already mentioned. 

; It should be noted that shrikes kill mice and insects as well 
i small birds. 

sifbeiaoraproteetioaof birds useful to forests is not 
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caeans for promoting their multiplication should also be under- 
taken. The following points should be attended to # 

(i) Preservation of a few hollow trues in forests, as such trees 
harbour useful birds and bats. 

(ii) The provision of boxes or vessels for nost-building on 
trees. These may be made of earthenware, of wood, of plaited 
straw, or tarred basket-work. Even dried hollow bottle-gourds 
may be used for titmice. The earthenware vessels should he 
of the shape given in the figure, and have a wooden base, and 
before hanging up should be tarred and covered with moss. 



Fi£-. 02 and Eurthnw .in* tiooim'-jnd-.. 

«, Nail-hoi- for atkwhnicnl to tin* tm\ A. 11**1* lei iu-oitiou oi u wooden p*ig : 
to a^i-t the bin! in mitctin". c, Flight-hole. Holt* lor the pu^age ot‘ a wire, 
to attach the bottom ol the pot to u piece of wood. 

The wooden nesting-boxes invented by Gloger * in 1853 are 
made out of half-inch boards, and tarred. There are six 
kinds, including those shown in the figures, and suitable for 
starlings, flycatchers, and titmice. Some are used for the birds 
to sleep in as well as for nests. The horizontal partition 
Bhown in the figures excludes cats, pole-cats, and other enemies, 
and also keeps the nest warm. It is essential to keep to the 
dimensions indicated by the reduced figures, or the nesting-box 
will be used by other species, for which it was not intended. 

* /'Niskuiid SttUlaf kasten £iir Vogel/’ Ally. Font u, Jatjil fatton*}, 1 Stiff* 
|M2e. t Prices «?ft tberfegiireu for the nesting-boxes. 




Fig. 67. — Inner view of a box with 
.several compartments for a number 
of Titmice or similar birds. 

N tlSTIK O-BOX Kft OF WOOD. 

Tfajpum tvdu&d (it ft «/ the mim ai **£#, 

{ .* ht AwwAi. ' r< 
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?The following rules apply to the manner of hanging-up the 
•’oest-boxes :— 

The boxes should bo hung facing towards the east or south 
-only: never towards the west. 

As starlings are sociable birds, several boxes for them 
may be hung at a height of 20 to 25 feet on the same 
tree, but for other species only ono box should be bung on 
d tree. 

Boxes for titmice should he bung 10 to 10 feel high in ft 
dark place, best of all in coniferous 
forest, on silver-fir or spruce trees. 

Boxes for redstarts and flycatchers, 
on the contrary, should be hung 10 
to 10 feet high under light groups of 
trees, and on the borders of thin 
places and clearings. 

(iii) Shrubs should ho planted in 
sheltered places, along a brook, or 
by a spring, as water is a necessity 
for birds, also on rocks, steep places, 
etc. Suitable bushes are privet, 
honeysuckle, viburnum, elder, white 
thorn and wild rows ; as an over- 
growth, pollard-willows and moun- 
tain-ash. Undergrowth should also 
be carefully preserved in high forest, unless it must be cut 
for sylvicultural reasons. 

(iv) The birds should be fed when deep snow is on the 
’ground. Bread or boiled pulse should not be given, as these 
Substances become acid and unwholesome after wetting. For 
I insectivorous birds pieces of suet or chopped meat are suitable, 
'"Thorns should be placed over the food, so that crows, doves, 
and sparrow-hawks may be kept off. The following places are 
*most suitable as feeding grounds: — high ground for titmice, 
jtree-creepers, woodpeckers and finches; roads for yellow- 
dimmers and hedge and tree-sparrows ; fields and gardens for 
^robins, linnets, finches*, and migratory birds from the north ; 
£tor fieldfares, thrushes and blackbirds, the food should be 
Placed under a skady conifer at the edge of the forest ; the places 



Fi£ XWiu'f-lwx ff»r the 
Stalling, ol tarmlMraw. 



which goldcrests and wrens frequent should be ascertained, ah!§ 
the birds fed the^e. . 

' (v) Forest-litter should not be removed from March till 

July, as many useful birds nidify on the ground, or close to 
it, and would be disturbed. 

(vi) Birdsnesting and the trapping or killing of useful birds 
should not be allowed. 

In continental forests, enormous numbers of thrushes, field- • 
fares and similar birds are caught every year in the autumn 
winter by means of horse-hair nooses attached to the 
trees. Wherever such bird-catching is allowed, the open 
season should be limited to the period between the 1st of 
October and the 1st of February. 

Legal enactments to protect useful birds are necessarily 
made by the State, and should be properly enforced. 

A convention, dated 19th March, 1902, has been made for 
the protection of useful birds between all the principal 
countries in Europe, except the United Kingdom, Holland, 
Belgium, Russia, and Norway. The Wild Birds Protection 
Act became law for the United Kingdom in 1880. it lias 
fcince been slightly amended in 1881, 1894, 18%, and in 1902. 
Ab the destruction of vermin in country districts, the curtail- 
ment of the area of cultivation, and the protection afforded by 
the Act to wild birds have upset the balance of Nature-- bull- 
finches, starlings, blackbirds, thrushes, hnd sparrows do much 
harm, especially in orchards! Except, however, for a scheduled 
list of rare birds, that no one may kill during a close time, 
owners and occupiers of land and persons authorised by them 
may kill other birds during the close time. 

lleplih* and Amphibia. 

Toads, frogs, and lizards are very useful as insect and slug 
destroyers, especially in gardens and forest nurseries, but 
they are not nearly so numerous as useful birds and mammals. 
Snakes and slow -worms are also useful, but the poisonous 
Odder (Pdim herns, L.) will naturally not be protected* 
'Adders are found all over Europe, in brushwood and on 
sunny slopes among stones. They feed chiefly o^, mice 
$nd moles* 



InwcU. 

A detailed account of the chief useful insects follows in 
Chapter V. Their number, especially that of ground -beetles, 
ilmeumon-wasps and Tachinae , increases steadily with that 
f the destructive insects ; this fact is all the more important 
s the activity of mammals and birds altogether fails to 
ombat such calamities successfully. 


Spiders* 

Spiders (Arachnoidea) include two distinct families of insect- 
lestroyers, Arnneinae and Phalanyiinae, both of which are 
rreat destroyers of insects. The common garden-spider 
•Epeim diadma, Cl.) and Steatoda myphia, Cl., may be taken 
is examples of the former class, and the common harvest-man 
'Phalanqiitm parietintnn, dc Geer) of the other. The lirst 
batches nianv small beetles and other insects in its. large 
vertical nets expanded in the underwood of forests, the second 
species destroys large numbers of Uphjm « pm t h., as well 
as other insects. The harvest-men become very active m the 
evening, moving about rapidly with their long stilt-like logs, 
and preying on small insects, plant-lice, etc. 

The web-making spiders may do some slight injury to 
plants by their webs, which interfere with the full development 
of blossoms and foliage. 

Myriapod a. 

Centipedes, of which IJthMus forfuntus, L., is an example, 
and millipedes, for instance, Idn* tnmtm, L., live nndei 
baric, stones, and moss, and kill numbers of insects, also slugs 
and snails. Species of I dm also attack fleshy roots in gardens 
and fields, as well as wheat, and fruit such as strawberries 
they also appear to cut off seedlings at the collar in a manual 
similar to wire worms. 


a Mtemcdial Measures . 

^ In considering the measures to be taken in attacking insects 
|ye must select the proper season, and adopt means which d< 




than the results will justify. v '4> 

In general, the following rules may he adopted: — 

(a) Collection and destruction oj eg [is, larvae, pupae or perfect 
insects. This is unfortunately impracticable for most injurious 
kpecies, or is too protracted a method, excopt in the case of 
perfect insects. A knowledge of the life-history of any 
particular insect will inform the forester of the stage in which 
it is best attacked, but for practical reasons a season should 



Figs. 00 and 70.*— Caterpillar hIicqts {reduced). 
Front. Back. 

u. Corel, b. Spring, c. Moveable blade* 


be chosen for their destruction, when the requisite labour- 
; force is available. 

I Collections of insect-eggs can be made only when they are 
Maid in clusters, as those of mole-crickets, the lackey-moth, 
jjand the black-arches moth. The simplest method of destroying 
jjthe latter is to crush them on the tree. 

; The larvae of Lepidoptera and sawflies may be collected hj 
talking the attacked poles or saplings, or by beating witk 
mallet or the butt- end of an axe at the base of the branches 
trees, so that the larvae fall on to^ cloAk^pread on the 
|^round. Care must be taken to protect the Jfflfds of collector* 
fjby gloves against hairy caterpillars, which, when handled, 
Jcause inflammation. When in groups on the trees r iary|| 
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be crushed, and branches bearing the spun web-like 
$ests of certain gregarious kinds may be cut-off with pruning- 
shears (Figs. 69, 70), or they may be burned on the trees by 
holding torches under them. Larvae fall most readily from 
trees in the early morning and evening or during moist, cool 
weather. The larvae of but a few species of beetles car 
be profitably collected, for instance, cockchafer grubs. Ii 
Massachusetts, during the great plague of the gypsey moth 
1897, Liparis tlispar , L., matting, termed hnrlapdnmtte, was 
put round the trees and the larvae pupate under those, oi 
rest under them in the day-time and may thus be destroyed. 

The collection of pupae is best effected when they lie it 
clusters in the moss and dead leaves of the soil-covering, sucl 
as the pupae of Noctua piniperda t Panz., or bang low down thi 
stems in bark cracks, or on undergrowth. 

Perfect insects may be collected by simply picking them b; 
hand from the ground, by shaking them, like larvae, from tli 
plants on which they settle, or by means of traps made c 
strips of bark, laid on the ground flat or rolled-up, into whici 
the insects crawl ; this is a common method of catching groo 
numbers of the pine-weevil (Jlyhbins abictin , Fabr.). Th 
bark should be fresh and laid with the underside downward! 
Other materials used as traps are faggots, logs, and brusl 
wood. Cockchafers and pine-weevils are the injurious insec! 

chiefly captured in this stage. 

In collecting the imagos of insects, it is necessary to captui 
the female alone, and that before she has laid her eggs. Th 
ean t only be done practically in tho case of those Lepidopter 
in which the ? can be readily distinguished by her size ar 
; \by the nature of her antenna* from the <3*. 
jV Larvae, pupae, and imagos may be killed by pounding the 
r-m trenehes, or by pouring boiling water over them, or 1 
| quicklime, etc. 

|f« (b) Preparation oj Insect Trenches . These are useful < 
H*my but very sandy soil against larvae which wander on t! 
If ground, e.g, f those Q^the pine-moth, also against ceita 
^beetles, for instance, 'the pine-weevil, Ilylobivs abieti*, ^ 
|&they should be made 10 inches broad, and 12 to 14 inch 
-Meep, with vertical walls, and with holes 8 to 10 inches de 




pvery 10 yards along their floor. They cost If#, to 2<J. a| 
jfaeter, or about 12/?. per acre enclosed. The trenches must be 1 
inspected every morning, and the insects which have been 
taught should be killed. 

(c) Greased, harriers, A line of barked poles, covered with 
grease, is made, so as to exclude affected woods from sur- 
rounding hitherto immune woodlands, or to enclose small 
ai^eus of unaffected woods. This method is applicable only 
lor larvae that come down to the ground. 

(d) Sicinr may he driven into woods which are attacked, and 
they kill numbers of larvae and pupae which are in the soil- 
covering. The swine must be given other food and driven 
daily to water. As a rule, they eat only hairless larva e (Xoctua 
piniperda, Pan/., Geomelm piniaria, L.). 

(e) Pulhny-up plants and burning shoots which have been 
attacked ; or buds attacked may be pruned off. Infested 
branches shbuld be cut off. 

Steins full of insects, or their eggs, etc., may be cut down 
and barked, and the hark burned or exposed to the sun. This 
should be done before the perfect insects emerge, usually in 
May and June. Great care must be taken as to the proper 
season for barking such trees, which form so many tree traps. 
If it be done too soon, before the bark-beetles have finished 
breeding, there is danger of other standing trees being attacked, 
and if it be done too late, after the perfect insects have forced 
their w ? ay out and flown away, then the very institution of 
;4ree-traps will have multiplied instead of diminishing the 
^umbers of the insects. It is therefore better to bark the 
traps before the larvae have pupated, and to be informed when 
jthis happens, infected trees should he observed, about every 
14 days, in order that the development of the larvae may be* 
;jknown and the right moment chosen for destroying them. 

(f) Preparation of tree-traps. Trees may be specially girdled 
lb serve as traps before the eggs are* laid. For such purposes 
Runted or sickly trees should be selected as for thinning 
purposes. After the insects have visited them they should be 
Seated like trees attacked in the natural course. 
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B order to stop larvae on their way to the crowns of the trees, 
and starve them to death. They are used chiefly against the 
larvae of the pine-moth. High bawl*, 6 — 8 metres high, are 
also made against young larvae that have just hatched out of 
the nun-moth. 

(h) Clearance of infested areas. The whole wood may be 

cleared and the soil thoroughly cultivated after burning all the 
branches, etc., which are infested with larvae. This, of course, 
is a last resort. The thorough cultivation of the soil it 
necessary only when it is full of hibernating larvae or pupae, 
Lophyrus rufus , Katz., etc. r 

(i) Spraying. Trees and plants in orchards or in foresl 
nurseries may be sprayed with certain substances to keep of 
insects, such as lime-water, whitewash, potassium sulphide' 
solution, decoction of tobacco, etc. A good recipe appears 
to be 1 lb. of pure unstakcn lime, mixed with about 70 gallon! 
of water. The lime is slaked and then mixdd with tin 
water and stirred up to form a milky fluid, which is allowet 
to stand till the lime is deposited; the water is then used oi 
the trees. The lime can be used again for live or six time 
the quantity of water. The application is useful as long as tb 
insects are still in the larval or pupal stage. 

* The sulphur solution is made by dissolving one part o 
, potassium sulphide in 500 parts of water, and the foliage i 
sprayed with this solution. This drives all the caterpillars a 
once from the tree, and sprinkled leaves escape furthe 
damage i five men in two days, with 88 lbs. of potitssiuin sulphidt 
and the necessary water, can sprinkle 250 trees, at a total cos 
Of 50 shillings, or five trees for 1 shilling. 

The most valuable mixtures for tree-spraying are arsenic* 
hashes or* kerosene-emulsion. The former are made by stii 
ring about 1 lb. of Paris-green or London-purple into 2C 
gallons of water, with the addition of a little flour or dextrij 
>$nd keeping it constantly stirred during the operation < 
spraying. As this mixture is poisonous, it cannot be use 
inhere there is risk of injury to game. If it scorches tl 
foliage it must be further diluted. 

v, Kerosene-emulsion is made by emulsifying 1 gallon i 
J^roseneoil wWh half a gallon of boiling water in which 
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preparations ehieflyserve f or o{ all 

(\a fjonchtdinxj Remarks.— A muer 
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™ ec ; 0B Nature itself can reheve'the forest best hom inse 
Xcks for ichneumon-wasps, fungoid diseases, and damp, 

' ‘S ta,i. »d Saxony, v«, top ..m. . I money ba, e boon 
ipenl on tlie doalrootion o! teat ii»ec«; m PmMuooii 6 
;o the following table 

1870-78 ' • ' ‘ ry8738 

1876-80 • • ' ' ‘ S oo 

1884-87 • 448,400 _ 

This shows a large diminution since 1880, tom. w nch ^ 
ay be inferred that insects are diminishing m the 

"In Saxony during the years 1876-77 45 5 852 were spenth 
he destruction of^a-weevils and bark-beetles. 


4.^3 Vca< meat of Injured ll’oods. 

Woods injured by insects should be felled only when the#-; 

of the crowns of the trees; development of small leaves, 
of the crowns rosettes; exudation ot 

^ needles, the lejter frequ^y subsequent 

$£E3£ j * hiding on the importance of such <jg* ?] 



feds' attacked, its age, the locality, & 
j kill trees sooner than caterpillars. Coniferous wo 
more easily killed than broad-leaved trees, and wh< 
fipruce and pine woods are readily destroyed when bad 
Attacked; silver -fir and larch make a better resistance. Broa 
■ leaved trees are not killed if every leaf on them is eaten, pi 
vided the buds are uninjured. Birch, elm, and ash die me 
Readily than oak and beech. Young trees succumb mo 
quickly to beetle attacks than older trees. On a good soil 
recovery is more hopeful than on a poor one ; clearance of t 
^vood should be less readily undertaken in the former case. 
f The best time for clearing is in the winter after the attach 
• The large trees should first^ be felled, barked, and removi 
as soon as possible from the forest. Fire-wood billets shou 
be got ready as soon as possible, and at least the larger piec 
barked.- 

Before stacking, the split wood must be thoroughly drie 
the stacks must be raised from the ground on transver 
pieces, and placed apart in well-ventilated places. TJ 
removal of all split wood must be expedited. 

Young plantations which have been attacked and killed mu 
be replanted. Injured poles require the greatest care ,* if tlx 
are so young that transplants can be brought in, this shou 
be done, if necessary, after widening the blanks. Shad 
bearers, such as the beech, hornbeam, silver-fir, or spruce, a 
very suitable for planting in such cases, or else lard 
sycamore, or Douglas fir, on account of their rapidity of growt! 
If, however, the poles are too tall, and still too dense 
bo underplanted, either a clearing must be made of tl 
whole crop, and the area restocked by sowing or plantiij 
pt the wood should be heavily thinned and underplant* 
Iwith a shade-bearer. 



CHAPTER V. 


INSECTS USEFUL' TO FORESTS. 

, Xl iS most essential that in combating the attacks o! 
injurious* forest insects the forester should be able to distinguish 
insect friends . from foes, and unimportant species from, 
hurtful ones. 

The following is therefore a short account of the most 
useful families of insects, which are found chiefly in the 
orders of Coleoptera and Ilymenoptera. 


Oitimn I.— Coleovtera. 


1. CicindeUdae (Tiger Beetles ). 

Perfect insects of moderate size, slender ; mandibles power- 
ful, with three teeth ; antennae filiform, with eleven joints. 
Legs long and slender, with live tarsal joints. Abdomen 
of six segments, the three first fused. Larvae long, some- 
what flattened and humped in the middle, with a broad 


head and six feet. 

' The larvae dig vertical holes as thick as a quill in the 
sand, and remain at the entrance with projecting head, in 
wait for any passing insects or worms, which they seize and 
suck dry. The beetles prefer sandy and sunny localities, 
Especially white sandy roads, are very active, alternately 
filming and flying over short .distances, and greedily devour 
Ether insects. ‘ 

t;„0ne genus, Cidndcla , with a few British species; of these, 
*y. cantpestri8, L., is the only one with ah extended distribution 
^ suitable woodland localities. 

& Carabiilae (Ground^BeeUes). 
itmttU variable in size, but often large ; mandibled 
illooth or with only one tooth; antennae filiform, wit| 





F^ew’ of fSe larger species have functional wings, J Legs tl 
bid long, -for running, with, five tarsal joints. Abdomen 
six to eight segments, the three first, fused. 

Larvae long and cylindrical, with six legs. 

The,, beetles live through the winter under moss, stor 
and pieces of bark, in old rotting stumps, etc., pair in t 
spring, and lay their eggs in the ground. The larvae 1: 
either in or on the ground, and eventually pupate in the soi 

Both the larvae and perfect insects destroy other insects 
all their stages ; the larvae in particular are very voracioi 
and mostly prey at night. Tlie family is rich in genera a 
species. 

The following large species are most useful in forests win 
they occur: Carahns catenvlatus , Scop., (\ yranuhtfits, 1 
C , canvcllatus , 111., Cahsoma inquisitor , L., etc*. 

Other species^re found on the Continent, such as Pmrus 
coriaccus, L., Carabus an rat us , L., C. auhmilens , Fal; 
C.sijlrestris , Panz,, Cahsoma sycoplumla, L.; the latter, whi 
appears in great numbers when there is a plague of insec 
and seel^s its .prey in the crowns of trees, destroying the Ian 
of destructive Lepidoptera, is especially valuable. 

Certain species of Harpahts and Vterostichus devour co: 
ferous seeds when covered with moss, and Zabrus (jibbus, Fab 
is destructive to young wheat. 

3. Staphylinulae (Rove Beetles). 

Perfect infects usually of small size, long-bodiod, a 
sharacterised by very short elytra, which leave the great 
part of the abdomen exposed. Antenme generally thr^acllil 
with 10 to 11 joints. Tarsi mostly 5-jointed, but occasions 
with three or four joints. 

The abdomen, consisting of 6 to 7 free segments, is turn 
up at the approach of jmy possible enemy. 

, The larvae are long, with six legs. The pupal stage occu 
mostly in autumn, and the beetles live over the winter. 

The mode of life of these very active beetles resembl 
that of the ground-beetles. Both larvae and imagos of i 
jarger species feed on othepvinsecfcs, but from a forest poi 
alview they are of less importance than the ground-beetle 



lame are xouna especially tinder moss, but the beetles 
Chiefly in decomposing substances, such as fungi, dead leaves^ 
./Jung, carrion, etc. There are nearly 800 British species.; 
fThe largest species are : Ocjjpus oleiu , Mull, (the “ Devil’s 
{ooachdborse ”), Staphylinus caesarean, Cederh., Crtfophilus 
mmiUasm, L,, etc. Larvae of small species of Staphylinidae 
^Occupy the galleries of bark beetles, and probably eat their 
^ggs and larvae. 

4. Silphidac. 

, Beetles flattened oblong or oblong-oval, usually with 11-jointed 
clubbed antennae ; thorax with a flattened side-margin; anterior 
coxae conical tarsi 5- jointed. Usually dull, black, and often 
rugose or ribbed. 

Both the larva?, which have 6 legs, and the beetles live in 
carrion and decomposing substances. Som^genera, such as 
Bilpha , Fabr., attack insects. Silpha quadripunctata, L., lives 
jn summer on oak trees, and feeds on caterpillars, etc. It 
has the margins of the thorax and the elytra ochre-yellow, 
the latter with two black spots on each. 

5. Nitidulidae. 

Beetle small, oval or oblong, with straight clubbed, 
11-jointed antennae inserted , under the frontal margin. 
Tarsi short, usually with 5 joints. Abdomen with 5—6 
segments/ 

l Ijarvae long, with projecting horny head and* 6 legs. The 
fattened genera, BMzophagm , Hbsfc., and Pityophagm, Shuck., 
’which live under the bark of trees of both broad- leaved and 
coniferous species, are regarded as enemies to bark-beetles. 


6. Colydiidae . 

Beetles small, thin, and long, withal— 11-jointed clubbed 
^ntennae. Tarsi 4- join ted. Abdomen of 5, rarely of 6, segg 
^ents, of which the first three or four are fused. Larvdi 
long, and sometimes with horny plates below ; 6-legged. 
I^.The species of this family live in decaying wood, in fungi, 
•hr finder the bark of trees, and are predaceous* ; | 



esfcroys the larvae of bark-beetles, such as Xylehorns dry a* 
raphus , Er., etc. 

The Cohjdiidae and the closely-allied Cuatjidae, many of 

rhich have similar habits, are as a rule very rare in Great 

Britain and therefore of little local economic value, 

¥ 

7. CoednelUdaCy 

>r ladybirds , are small, smooth, hemispherical beetles, with 
ed or yellow elytra, spotted with black. Antennae very short, 
dubbed, 10— ll-jointed. Tarsi 8-jbinted. Abdomen of five 
ree segments. 

The larvae are long and pointed behind, therefore somewhat 
izard-like in shape ; they possess six legs, and are covered with 
varty tubercles, pits, or spines. Those of the commonest spSbies : 
ire slaty-grey, ^th four or six yellow spots. The beetles fly 
in the spring, and lay their yellow eggs in clusters on plants, 
The larvae pupate in July and August, hanging from the loaves; 
in 14 days the beetles appear, and they pass the winter under 
dead leaves, bark, etc. Both in the larval and perfect states, 
and especially in the former, they eagerly hunt and kill num- 
bers of plant-lice or aphides, and mites, which do much mischief 
to fruit and forest treea/ 

Ladybirds are migratory when abundant, and sometime** 
appear in certain localities in enormous numbers. “ The com- 
monest species aro : C\ septcmpimtata , L., tho 7-spotted lady* ; 
bird, and A. bipundata, L., the 2-spotted ladybird. Certain 
species are found only in forests, as Halyzia ucellata, L., chiefly 
on pines, If. octodedmyuttata , L. , on spruce. Scymnm , Kugel* 
lives chiefly in coniferous woods. 

* 8. MaJacodermata. 

: This group of families is characterised as follows i—Ikdle* 
generally long, with soft flexible elytra. Antehnae slender, 
ID — 12-joinW. Tarsi 5-jointed. Abdomen of 6 — 7 free sed- 
iments. The females sometimes resemble larvae. J Larvae long 
flat, and generally hairy, with six legs. 
d The predaceous families included in this group are: thi 



which Tehphori'u, fiJm-'K * f WM 
own species.; They usually feed on other insects, but th*t 
ecies and f.obmirm, L., have been observed sucking 5—10' 
ar-old shoots 6f oak and Scots pine, which then turn black 

id die. , , “ A 

Their larvae are also carnivorous, feedingtm earth-worms and 
:ound insects ; they pass the winter in tho earth, or undei 
ones, and during thaws sometimes come ont on the snow, 
bey pupate in the spring. 

The Clcriclae are small, cylindrical, hairy beetles, with verj 
xort serrate antennae, somewhat thickened at the ends. Tai s. 
ith 4 — *5 joints. Abdomen of six segments. Larvae long, anc 
morally rose-coloured, with homy head, 0-legged. The beetle! 
air in the spripg, and the eggs are laid in the hark of trees 
ndth* which the larvae live. New beetles appear in tin 

attfmn. *• ‘ . 

The larvae and beetles hunt the grubs of bark-beetles m thei 
Ot'ings, and also eat dead animal substances. 

Clews fonnicavius t Jj. f is the best known species, and its lai va 
re frequently found in the borings of Mpdophihis pinxperda , L 
nd the beetle may be frequently seen in the forest rimnin, 
bout over heaps of firewood and felled trunks. It is gail 
oloured, black, with the greater part of the thorax and tt 
,ase of the elytra red, the latter also crossed by two whit 
lands. The species is locally common in conifer-woods 1 
3-reat Britain, and is the most important insect-enemy to 
ieolytidas we possess. 

Qrdeb II. — Hymknopteiu. 

1. Ickneumonidae.* 

JSO^rtain allied families, Such as the Braconid-ae , Chaleididae , 
Sid PtyromaUdac, are included in this description. In this 
these insects are termed ichneumon-wasps to avoid con- 
sign with certain parasitic flies ( Tachinae ) of similar habits 
^longing to the order of JDiptera . 

%lmagos of various sizes, long and slender. Head with three 
Antennae generally slender, rarely clubbed, and with 

For a complete account of German ichneumons, tkk Tasebenberg (»« 
^fteeabpterm Bento<;hlandi), Leipzig, .,1865. 
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sfMylMST'ffe' veins of the wings, when a snbmarginnl 
&in exists, form^distinctly closed cells, but it may be absent 
and the system reduced to one or two veins. 

Trochanters 2-ringed, tarsi generally 5 -jointed. 

Abdomen frequently stalked, and in the female provided with 
a long ovipositor, formed of a slender borer and two lateral 
sheaths. 

Larvae soft and tapering at botlr ends, generally white, and 
without hair or legs. 

Pupae with the limb^free, soft, and white. 

The season for the flight of these extremely useful insects 
falls between May and August. Tho $ lay their eggs either on 
or in other insects (Lepidoptera, lieetles. ami Uvmenoplera), 
which they pierce with their ovipositors, generally attacking* 
the larvae, less commonly the pupae, and seldom the perfect 
insects. Certain minute species attack the eggs?. Only the 
larger larvae are attacked as a rule. An ichneumon will rarely 
attack an insect which has already been pierced. 

The larvae appear soon after the eggs have been laid, and 
may pass the winter in the pupae of the host. 

They pupate in cocoons, sometimes outside the host, some- 
times enclosed in its own pupal skin ; tho species of Pterowalns 
alone form exceptions to this rule. The ichneumon-wasps cut 
out a round piece from the cocoon to emerge, passing the 
winter under moss, in stumps, etc. 

The whole series of transformations generally requires 
8—6 weeks, and the generation is usually single, but sometimes 
double. 

Iclmeumon-wasps are shy, and run and fly rapidly ; they do 
hot, however, go far from their birthplace ; they may-appear 
in great numbers, and are constantly quivering their wings. 

I Most of the larvae are parasitic within their hosts, whose 
juices they suck, hut some remain outside them (many species 
|f PUromalidae and Chakididae ). Infested lame continue 
living, and eat ravenously in order to supply their parasitic 
Quests as well as themselves; they do not, however, reach 
Maturity, die Either as larvae or pupae. As a rule, 
Ichneumon-wasps increase more than proportionally to the, 
injurious insects. Thus, in the valleys of the Bbine and 



fiim (1886-89) in the great plague of pine-x^ths, in the first 
year, only 8 per cent, of larvae were attacked by ichneumon#*; 
| ft the eecond y^ar, 80 per cent. 

^ It was formerly believed that most insects which did not; 
attain full development were killed by insect- parasites, and 
^reeding cages covered with coarse network were maintained 
In which all larvae infected by ichneumon-wasps or flies were 
placed and fed. The network allowed the latter when fully 
jdeyeloped to escape. t 

l These cages,* however, have provecFttseful only in allowing 
the life-history of the parasites to be studied. 

It is now well known that insects are destroyed in large 
numbers by bacteria and by fungi, the spores of which find 
entrance into their bodies either through their skin, or amongst 
their food. De Bary says : “ If one carefully examines the 
dead leaves ‘and moss of the forest soil in wet seasons, it is 
astonishing how many fungus-infected insects he will find.” 
The infected catorpillars may be easily recognised by, dis- 
coloured spots on their bodies, and by their reduced activity, 
>nd they die when the mycelium of the fungus has spread 
inside them. Thus, muxeantinc is a well-known disease of the 
(silkworm, due to Botrytis hassiana, Bals., and this fungus 
attacks Noctnapiniperda, Panz,, Gartropaxdia pud , L., and other 
caterpillars. Wet years, being favourable to the fructifica- 
tion of the fungi, cause these diseases Jo spread amongst 
eaterpillars.t 

The question whether ichneumons or parasitic plants are ol 
iftore importance from a forest point of view is still open. If 
was believed by Ratzeburg that ichneumons attack only 

. 

Vs* In Bengal, where a Tachinid 11 y attacks* silkworms, these are sometimes fed 
|«Mde a framework covered with gauze to exclude the dies. The most usual plan 
however, is to rear the Bengal multi voltiue silkworm for silk in alternate month* 
btily (it has seven or eight generations in the year); during the other month* j 
pmitod number of worms are carefully kejrt under gauze to produce eggs for the nMj 
brood. The flies, which have also a generation every month , not finding sufficient sill? 
worms to lay their eggs in, are thus greatly reduced in numbers, whereas, if the silkworm* 
irsbred in the open” every month, whole broods would be destroyed by the parasites. 
C t For an account of fungi attacking insects, tide Cooke’s Veg^>le Wasps ant 
fSant Worm*, Loudon, 1893, also Judeieh and Nitohe, Mittekuropdiechen TnsecteiJ 
Ictmde, VoL L,pp.l64 — 1B2 ; Be Ban', A., Verkleichcude Morphologic und Biok>gfc 
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ineeetealready diseased owing to infection by parasitic plants 
br the weather, and the importance of ichneumons is due in 
his opinion not 4o their secondary activity in attacking insects, 
but to the fact that the approachiug end of an in sect- calamity 
may be predicted from the increase in their numbers. He 
asserts that when 50 per cent, of the caterpillars are attacked 
by ichneumons, it is not worth while spending any more 
money on measures for destroying the caterpillars, as the 
calamity will then die out speedily. 

Taschenbetf* and Judeich,! however, contest this opinion, 
and consider that perfectly healthy caterpillars are attacked by 
i^xneuinons ; their view is now generally and properly hold,, 
It is impossible to imagine that an ichneumon, such as Pimpla ,, 
which inserts its long ovipositor through the cracks of hark to 
reach a concealed larva, can have any accurate perception of' 
the state of health of its host ; and tjie experiences of those 
who breed larvae in captivity show conclusively that this is a 
matter of indifference to the Ichncumonidac . 

The families referrod to are very rich in species, 5,000, 
of which 1,000 are parasitic on destructive forest-insects. 
Ichneumon- wasps are either polvphagous or rnonophagous; 
many are rnonophagous to such a degree that they attack only ; 
a particular species in a certain stage of development, either as 
larvaeor pupae, etc. The greatest number of species (in all thirty-, 
nine) attack the pine-moth — Gastropacha pmi , L. Many are, 
found in the black-arches, the pine noctua, the pine sawfly, etc, 

. On eggs: Teleas laeriusculus , Ratz. {G. pini), and 7’. Urehransf 
Ratz., are parasitic. 

„ larvae : Microgaster globatm , Nees. {G. pini ) ; Bauch us 
comprcssus, Eabr. (Noctua pini perdu, Panz.). 
pupae: Anomalon xanthojms, Grav. (G. print); E. lophy* 
rornm , Htz. (Lophyrus pini, L.), 

„ larvae and pupae,: Anomalon cimmfiexnm, L. (O. pini); 

, Pimpla instigator , Panz. (Lipavis monacha , L, dispar , 

- $•/<> Poi'ihesia chrysorrlwea, etc.).i * 

„ images: Bp. of Braconidae (StrophosQims coryli , L., etc.)/ 

* Porsfcwirth&MifUiche Insectenkunde, p. 271. 

+ Wftldverderber, 7th edition, p. 14. '? 

these of tfoeJfcwte in whieb the parasites live v j 



Y8p)^M« ( Fossorial- Wasps). 

* ■' Imago* with a large head and three ocelli. Antennae slender 
n d moderately long. Fore wings flat and without folds, with 
1— 4 cubital cells. Legs with smooth femora and simple 
trochanters. Tibiae and tarsi fossorial, and furnished with 
strong hairs and spiijes. 

'. Abdomen Btalked, generally with seven free segments, an 
Always terminating in the S with a sting. 

' ■ The larvae and pupae somewhat resemble the j^rfect insects, ; 

ilbui have no legs. . # 

t Th#se insects appear in summer, living in pairs and building 
their nests in sandy earth, in rotten wood, cracks in waits, 
etc. They attack plant-lice, larvae, beetles, grasshoppers, and. 
spiders, wound them with their stings, and convey tlio disabled 
'insects to tlieir nests in order to lay tlieir eggs on them. 
Some species close up the cells in their nests, and the larvae 
W emerging from the eggs feed upon the captives. Other 
ISphemdae feed their young with fresh material. W hilst these 
f, insects are hunting tlieir prey, they carefully close tlieir nests 
'With particles of sand or splinters of wood. 

The following are common -.—Ammophda sabuom, L., and 
Sponipilm nations, Latr. ; both species live in sunny places in 
•Sandy localities. 

3. Veepidae (Hasps). 

hnagos moderately slender, almost free from hairs, black 01 
Drown with yellowish zones, with ocelli. 

Antennae approximate at the base, elbowed, and with 12-1. 

bints, thickened at the apex. ■ . 

;L Fore wings folded longitudinally when at rest, with a radia 
if reaching to the end of the wing, and 2—3 cubical cells. 
Legs simple, without prominent hairs or spurs. 

Abdomen stalked, furnished with a sting m the 2 

The larvae are white or yellowish, with brown heads, soj 

Espies which form this family live either socially, ,c 

®Thi U ?hich are most useful, from a forest point of viev 
* social wasps, consisting of three classes:- 5 (drones), $ 
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|tul ft , workers which are unfertile females. The eggs are" 
not laid by the female immediately after fertilisation; she 
hibernates and commences the construction of a nost for a 
new colony about April. From the spring until late in the 
summer she lays her eggs in the regularly hexagonal, pris- 
matic, horizontal cells of the nest. She is gradually joined, 



in her labours by her progeny, of which first ft , then ? , and 
lastly the stingless $ are produced. The latter die soon after 
-pairing. If by ^ny accident the mother wasp should die 
before any perfect females are produced, the whole colony 
.would become extinct. The duties of the ft are to continue 
Ibuilding the nest, to feed the helpless larvae, and to defend the, 
l^py, against enemies. The nests are covered with a paper* 


^suspended from a branch, or in buildings or a hole in i _ 
Jfcuud, Just before pupating, the larvae spin covers to thefr? 
4ells* The t? become torpid ifi the autumn, and their last] 
Office is to massacre the undeveloped brood, which would* 
Otherwise die of hunger, as their food -providers themselves^ 
speedily killed by the increasing cpld, The fertile female^ 
alone leave the nest and survive the winter in a dormant! 
^condition, reviving in the spring to provide fresh broods foi| 
future. ' : 

-y’ r Wasps seize insects, especially moths and hies, partly for 
2 $heir own nourishment and partly to use their juices as food 
‘ ^ for their offspring, or even to feed them with ' 

the living insects. They do a certain amount 
of damage by eating sweet fruits, plums, 
grapes, etc., and especially the hornet ( Vespa 
c.rabro, L.), by girdling 2 to 4-year-old shoots of 
beech, birch, hornbeam, etc., and by barking' 
ash, white alder, etc. ; they prepare the bark by 
chewing and mixing with a sticky secretion, and 
use it for the fabrication of their nests. Bark* " 
iug of trees also causes a flow of sap which serves 
as food. 

4 >|Where much damage is done, hornets’ and wasps’ nests > 
may be smoked out, or tar, kerosene, or a solution of cyaifide 
potassium poured into the entrance holes. Glasses con- 
*aiujpg beer, etc., for catching them, as shown in Fig. 73, may 
be hung up on fruit trees. 

4. Formiculae (Ants), ^ 

..Jpfets also have three classes— males, females, and workers* 4 5 
head is triangular and very large in the h . There are 
i&ree ocelli, at least in the <f and V * The antennae have 10—44 
Joints. The wings are long and with few veins. The| 
ibdomeu is stalked and often spherical, with a sting at ifcsf 
%tremity, or a' gland which exudes formic "acid. The $ arej 
generally much smaller than the 7 ; both these sexes have a 
^ell-developed globular thorax, wider than the head, and a| 
%ge abdomen* In the b the thorax is very narrow, mudj 
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wm, mm is nearly as ' m 

iaMomen; they .are .-wingless. 

V' The hrvae are thickest, somewhat curved, white, and apodal. 
The pupae are soft and white, with the limbs separately invested, 
Usually enveloped in thick white cocoons, when they are known 
a.8 ants* eggs, 

? The ants fly in July and August in still warm weather, 
hlten in ckmd-like swarms. The ? , which loses her wings after 
pairing, either lays her eggs the following spring in tho old 
nest, or she forms a new colony in the ground or in a hollow 
tree. The larvae live in thousands in tho ant-hills, and are 
fed and carried about by the numerous J? , of which there may 
be 5,000 and more in one ant-heap. In case the ant-hill 
Should be disturbed, the endeavour to carry the pupae to a 
place of safety. * . 

The perfect insects come out at tho end of May, or the 
beginning of June, after tbe *? have opened the cocoons. First 
appear the 2 , then the , and last the I; . The 6 die soon 
after copulation as the cold increases many of the ? also 
die ; the J? live over the winter. Ants are endowed with a 
remarkable sense of locality; if tipur nest he injured, they 
eject formic acid, which slightly burns the skin. 

For a long time past the usefulness of theso little animals 
has been recognised. They attack and kill numerous insects] 
and larvae, especially small caterpillars, and clean the forest; 
Of many dead insects. In utilising other insects they show 
extraordinary ability for creatures so low in the animal* 
kingdom. Some ants, living in hollow trees, carry the larvae \ 
of a beetle, Ceionia anrata, L,, into their nests, as these larvae" 
ohew up the wood into small pieces for them; in the same;' 
Way Ciaviger jhveolatm , Preyssl., lives in the nests of the 
yellow ants. ^ 

Plant-lice are also kept in' ants’ nests, as the ants use] 
the "honey-dew which exudes from them to feed their young, 
bilking them like cows. 

; Trees at the foot of which there are ant-heaps remain 
Uninjured during wide-spread devastation by caterpillars, like ] 
oases in the desert, and the fruit-cultivators in the province * 
Of Mantua place in the spring of every year & colony of ante] 
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frmt.fiees to secure them against iifteif 

iftacks. ' ’ ' 

£vU> is therefore necessary to protect ants in every possible 
^ay, though unfortunately their increase is greatly prejudiced 
by the search for the so-called ants’ eggs for the purpose of 
feeding ybung pheasants, etc. This also deprives useful forest 
birds of a portion of their nutriment. Henschel* states that 
in the Austrian Alps the sale of dried ants’ eggs of Formica 
rufa,L„ amounts annually to 50 — 70 hectolitres, which means 
Irom 96 to 134*5 million ants, for 1 hectolitre contains about 
1,920,000 pupae. 

, In Russia also the business is carried on vigorously, the 
right of collecting pupae being leased on certain areas, one 
man having collected £18 worth in 1J months. 

The dam’age which ants occasion by constructing their 
galleries and nests in sickly trees, or by eating sweet fruits, or 
by burrowing into planting-moundsf is trifling in comparison tc 
the good they effect. 

* As representatives of the family the following may be 
mentioned : — 

Formica rufa , L., the common wood-ant, makes greai 
heaps of needles in coniferous forests, chiefly in those oi 
Boots pine. 

Lasxm fuUginosas, Latr., in old trees and stumps of oaks ; 
pbplars, willows, etc. 

Mynnica rubra , L., very common in forests under stones 
Bods, bark, et<^ 

There are species of ants which by hollowing out nests ir 
standing trees, or by gnawing plants, or disturbing mound 
planting, are injurious. These are Campanotus hercidaneus 
Jj, ; <7. lignipcrdns, L. Both species hollow out large stand 
lug and felled stems of conifers, chiefly of spruce and silver 
p* t to a height of 30 feet from the base of the trees, in t 
inapner that is concentric with the annual rings, so as t< 
Render the timber* unserviceable. Woodpeckers frequently 
increase the extent of the damage, which lias also beef 
observed on oaks, limes, and robiniae. Latins jkvus, Latr. 
injures young plantations of spruce, silver-fir, beech, ash 
CeatrslM. itir das g«s, Forstw., 1876, p. 16ft. 
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fiareh, and sycam< 

Soots, underground. This damage continues from spring to 
July. As much as GO por cent, of plants have been thus 
^killed, the weakest being selected. The best protective 
measure is to use ball-planting, or to sow in autumn, with 
%& little disturbance of the soil as possible. This damage 
jfwas especially marked in Silesia, 8,000—4,000 feet abovo sea* 
|evel, on dry, southern aspects. 

5. Apidac (Bees)* 

The images are thickset and generally hairy, with ocelli* 
and with a special suctorial labium. Antennae approximate at 
their base, elbowed, tho basal portion 2- jointed. Fore- wings 
not folded, with one radial and two to three cubital cells. ' 
Legs hairy, the first joint of the hinder tarsi very large, 
compressed and forming a triangular or quadrangular plate. 

Abdomen stalkod, with a poisonous sting in the ? and i? , 
which breaks off after use. The larvae and pupae resemble 
those of wasps. 

Bees are either solitary, as the mason and carpenter bees, 
or are social, as in the case of humble or honey 'bees. The 
former have no h , which arc the most numerous inhabitants 
of a hive of honey bees. 

* L > Social bee% breed underground in mole runs, etc., in 
hollow trees, in the pith of sound trees and shrubs, as ash, ; 
walnut, rose and ra k spberry, or in artificial hives. 

The images live on honey taken from plants and on pollen, 
and effect the fertilisation of many flowers by brushing off the 
pollen with their large hind legs, and carrying it to another 
flower. This habit is a good example of the direct utility of 
insects to plants. 

f Species, — Carpenter bees (Xyhcopa violacca, Fabr.) live in 
Old dry wood, especially in the case of leguminous trees. This 
Species is not British, but many others are common in warm 
Countries, and slightly injurious to timber. They are large 
pad conspicuous blue-black insects. 

| The mason bee (Chalicodoma murmia, Fabr.) constructs its 
|ell8 of grains of sand on walls, rocks, etc. 



I Humble-bees (Bomlm termtm , L.) live in the ground lia 
Societies of fifty to sixty members. >; 

|/*The honey bee (Apis mdlifim, L.) is widely spread over the 
^‘tln A hive may contain 1 ? , 600 to 800 <? , and 15,000 to ; 
^0,000 b . The $ (queen) lives for five years, the S only for. 
ft few weeks, and the h for about six months. 


Oeddb III. — Dimuu. 

1. Asilidae. 

,l Imagos long and generally slender, the face tufted with hairs/ 
Eyes very prominent, 8 ocelli, the suctorial organs forming a 
pointed piercing tube. Antennae short, 8-jointed, the third 
joint elongate, not annulate, terminated by a short bristle. 

Wings when at rest lying flat on the body. Legs stout, with 
sharp curved claws. Abdomen with 8 segments. 

Larvae long and cylindrical, with very clearly marked 
segments, white. 

The eggs are laid in the ground, by choice in sandy soil. The 
generation is annual. The perfect insects are bold marauders, 
they attack other insects of all orders and suck their juices. 

Species. — Asihts crabruniformh , L., common in Germany 
and England. 

2. Sgrphidae. 

Images with oval bodies, very large eyes, and 8 ocelli. An- 
tennae 8-jointed, the last joint generally flattened, sometimes 
Very long, with a bristle like appendage. Wings much inter-,: 
: sected with veins. Abdomen variable in form, with 5 to 0 
' evident segments. 

Larva leech-shaped, of varied colours. 

Pupa coarctate, pear-shaped. 

They fly in July and August in bright sunshine. Their ; 
flight is of a hovering nature j they remain poised over a 
blossom, darting away when disturbed, and resume their hover-; 
ing at the end of their course, and they emit a buzzing noise. 

The small white oval eggs are laid on leaves and twigs. The j 
generation is double, or multiple. The larvae, which inhabif| 
destroy pianVlice by sucking out their juices. 
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Wcmmn^m^ iet—Srphus pirattn, L., frequently found on, 
fruit trees and on Seots pine. S', baltealus, I)o Geer. 

8. Musdrfae {Flies). 

, J mag os generally sliort and stout. Eyes, as a rule, densely 
covered with hairs; ocelli present. Proboscis fleshy. Antennae 
short, 3-joinfced, the terminal joint the largest, not ringed, fur- 
nished with a bristle on its dorsal surface. Wings of model ate 
size, with few longitudinal veins. Legs strong and moderately 
long. Abdomens, with 4—7 apparent segments, generally 
scantily hairy, sometimes with an ovipositor in the 2 . 

Larva without legs or distinct head, soft, and generally 
whitish. 

pupa coaretate, round or elliptic, brown or blackish. 

Flies lay their eggs sometimes in decomposing substances, 
sometimes on living animals. 

In forest economy, only the parasitic flies are of importance 
of which the chief are the Tachininae, 

Many species of these flies are parasitic in or on the larvai 
and pupae of other insects, as moths and sawllies. Their irn 
portanee is somewhat less than that of the ichneumon-wasps 
hut they, nevertheless, destroy great numbers of insects. The; 
pupate generally outside the host, on or under the ground 
The larvae not only suck the juices of their hosts, but, unlik 
those of the ichneumon- wasps, devour their viscera. 

Species. — Echinomyia f era, L., frequent on larvae of Lipari 
, monacha and Pandits piniperda. 

The sub-family A n thorn t/i nae con tains a few speci es which ax 
injurious to forest trees, for example, A nthomyia ruficrps, Mei| 
/ According to Theodor Hartig the larva of this species whic 
; jives in the ground, especially in burned sods, eats the seei 
% and roots of coniferous seedlings. 

Order IV.— Neuroptbra. 

1. Panorpidac (Scorpion-flies), 
lmagos of moderate size, head prolonged into a beak beam 
,|he mouth at its extremity. Antennae many -jointed, setifon 
pairs of wings of equal size, with few intersecting vein 



ilways longer than the heal, 4 to 5-jointed. Body flat. Fore- 
pings horny at the base a%d membranous at the extremities, 
Ml the legs generally similar. Tarsi 2 to 8-jointed. Abdomen 
sonsisting of 7 to 8 segments. 

Noticeable for their disagreeable odour. 

The species which live in forests are useful by destroying 
iarvae and plant-lice, but a few species are injurious, sucking 
poung shoots, or the bast of older trees. The imagos come 
sut late in the summer, and pass the winter among dead leaves 
or under hark. Pairing takes place in the following Bpring and 
the eggs are laid on leaves, shoots, amt in pracks in the bark. 

1. Penlatomidae, 

Imagos somewhat long, with 2 ocelli. Antennae long, filiform 
or club-shaped, and generally 5-jointed. Scutellum large, and 
reaching at least to the middle of the abdomen. Tarsi 
generally 8-jointed, with two little lappets (pidnlli) betweer 
the claws. 

Species— Pentatoma rufipes, L., common in pine-forests. 

Pyrrhocom aptmis, L., often collects by hundreds at the 
base of large lime and other trees. 

2. llcduriidae. 

Imagos large, and longer than those of the preceding family 
with projecting head and long beak. Ocelli generally present 
Antennae long, filiform, thin, 4- join ted. Scutellum small 
Forelegs somewhat thickened, and adapted for seizing prey 
; Tarsi short, 3-jointed, pulvilli absent. 

' All the species are predatory and able to inflict a poisonoui 
.wound with the beak. The most important as regard! 
ppresifl is :~- 

P" “Gf-mi wgabmuhis, L,, which lives in the leaf-galls, pro 

Educed by certain aphides on elms. 

ir ■ . > . 



CHAPTER VT. 


[NJUBIOUS FOREST INSECTS (SPECIAL ACCOUNT 
OF COLEOFTERA),* 

The greatest number and the most harmful species o 
injurious forest insects belong to the orders Colfvptera am 
Lepidopttra. Next in importance to these come the member, 
of the orders ITymcnopUra and Orthoptera. The orders Dip 
(era and Ilemiptcra, except for the few useful families alread; 
mentioned, include only species which are moderately o 
slightly injurious, and the Xcnraptera in (entral Rurop 
ihclude no injurious species, although m the south of Lmop 
and in India and other hot countries, the family ol lerunto 
or white ants, belonging to this ordor is probably mm 
destructive to vegetable substances, though chiefly when the! 
are' no longer living, than any other insect-family. 

In the following pages the more destructive ami l ies - 
insects will be enumerated and described. Jhe hfe-his o 
of the most important species, and their relations to fore 
trees and the best known ways of mooting their attacks, w 
also be dealt with, but many less important species whi, 
occur in Dr. Hess’s book have been omitted. Hess lias al 
separated the injurious forest insects damaging conifers, fre 
those which damage broad-leaved trees. Owing to the smal 
number of insects here dealt with, this distinction has be 

abandoned. 

Family I.— Scakahaeidae. 

Description of Family . 

Imago, generally of considerable size and robust build 

Antennae short, elbowed, 10- or U-jointed, the first jc 
elongate, the last 8 or more joints produced inwards 

' . For » complete gjtiteroaUc teriptioo oC fcjfth Mk Tow.or, * 

British Id**,” 5 



The forelegs are formed for digging, and the tarsi are 

rjoinfced. • 

The abdomen consists of 5 or 6 segments. A generation 
asts for several years in the case of the larger species, but 
inly one year in the smaller ones. 

The larvae are thick, cylindrical grubs, curved ventral ly ; 
vith the last abdominal segment large and baggy ; ofter 
severed thinly with short hairs, which may be bristly on th< 
Jorsal surface ; head well developed, horny, with disfcinc 
antennae ; legs G, strong. They generally live underground 
Pupae almost hairless, generally with 2 horny processes oi 
'he last abdominal segment. 

In the perfect state these insects, some of which arc ver 
lestr active, attack the leaver needles and inflorescence o 
orest trees, whilst their larvae eat the roots of young wood; 
flants. The larvae of other species live in rotten wood, dung 
tnd in dead bodies. 


1. Melolontha vtthjaris , Fabr, {Common Cockchafer or 
May-hug), 
a. Description. 

The beetle is 25 to 29 mm. long ; prothorax black, less ofte 
jddish-brown ; elytra and legs red-brown, the former with 
levated longitudinal ridges, the depressions between the: 
Bvered with fine- down. Abdomen black, with 5 whi 
r iangular marks on each side, produced at the apex into f 
longate tapering tail. Antennae 10-jointed ; theclub 7-jointi 
p the S , in the ? smaller and only (i- jointed. Tarsal clai 
jpth a broad tooth at the base. 


b. Life-lMory. 

tfbe befbkt appear at the end of April and in May forabo 
) or 4 weeks. About 24 hours after fertilisation, the femi 
burrows Into the ground, selecting a bare spot and, wh< 






swr«sa»#j;"d>i lays about 70 dirty white subspherical 
in little heapB containing from 12 to 80 each. She then 
returns to the surface to die. 

The curved larvae appear from 4 to 6 weeks afterwards, u 
June or July, feed in the first year on hrnnns in the neighbour 
hood of their birth-place, and eventually disperse in th 
second summer in all directions in the ground, m order t 
feed on theroots of plants. In ttie autumn tlmvburrow deepe 
into the ground, returning near to the surface m April. 




t Imago (<?). 


Fig. 74, — Meloluiith'i nilgari*, Fabr. 
t A.ito.m of mali: will. 7 lamollao. o A*U> nua of female v 
G lamellae, d Grub. e Pupa (ventral sutfaoo). 


The lame also go deeper down when about to pvpatt ; t 
change takes place in July or September of the lth (rarely 
3rd) year of larval life in an oval hole in the ground the w< 
of which are internally smooth and water-tight. In cert 
isolated we, pupation is deferred until the following spri 
ifc The JHKs generally merge from the pupa from four 
hight wSks later, but pass the winter in the ground, a 
occasionally appearing on the surface. From the mont 
‘February in the 5th or 4th calendar year, the coekcha 
We up from below and take flight, leaving holes m 
Sound as if made by a stick. The favourite flight-time is 


fc flne evening m May, especially atter a snower oi warm rami 
til mountainous countries, tlie cockchafer appears somewhat 
later than in the milder plains. 

The a generation differs in duration according to latitude and 
elimate, as a rule lasting 4 years in Great Britain and Europe 
north of the river Main. This forms an 
approximate boundary, south of which 
the generation is triennial.* In East 
Prussia, swarms of cockchafers have 
been observed at intervals of 5 years. 
It follows therefore that the time of 
development of the cockchafer is not the 
same everywhere, but depends, within 
certain limits, on the latitude and longi- 
tude of a place, and on its corresponding 
climate, there is an unusually large 
swarm in any given year the same tiling 
will occur at stated intervals every few 
years according to the locality. These 
critical years are known as swarm-years; 
in the intermediate years at least a few 
cockchafers appear, cither descended from 
stragglers, which have since continued to 
produce regular generations, or from 
irregular individuals in an existing 
generation. In Switzerland, there are 
three districts, in each of which there 
is a swanu of cockchafers every three 
7 5 , Three.yotu*' old years, but in different years for each 
Wech gnawed by chafer- district. They are termed tiie Bernese, 
grubs, with loss of roots, jj rne and Basel swarm - years, and 

(mtural size,) . . 

there is every year a swarm-vear m one 
f these districts. This fact has been observed for more than 



$0 years. ; 

Un Chorin, it has been observed for 30 years, that when in 
m part of the forest there is a swarm-year, there are nc 
Wafers in an adjoining part, and rice vend. This is found k 
i6 due to the fact, that the larvae in a swarm-year eat all tlk 
arm or tke next year in their burrows. The strong larvae 
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M a ewarm-year also eat all wire- worms and other larvae they 
meet with, besides the plants. 

These swarm-years have been little noticed in Great Britain 
and appear to be less marked than on 
the Continent, the number of chafers 
appearing each year being more uniform. 

There was a swarm-year at Egham, in 
the Bagshot sand district, in 1898. 

The flight of the cockchafer is some- 
what heavy, it flaps its wings up and 
down many times before ascending from 
the ground, in order to drive air into its 
trachac. It can endure unfavourable 
weather tolerably well, and the larvae can 
withstand a month’s inundation 8 feet deep. 

4 

r. I'fUilitm to the Forest. 

The cockchafer is injurious, both in the 
laval and perfect condition. The attacks 
of the larvae are less visible, but are more 
harmful, especially in coniferous woods, 
as they affect the roots and last for two 
or three summers. They are worst in the 
two last summers. Scots pine and spruce 
up to 10 years old are most endangered, 
then the larch, and the silver-fir does not 
escape. Broadleaved trees do not suffer 
from the larvae quite so much as conifers, 
but nearly every species is attacked, those 
with tender roots, such as beech and ash, 
being preferred to species like the oak, Fig- 7Q%fkot* pine 
which speedily develops strong roots. The * 
bitten surface is rough and fibrous, and not a T | tm{ ywfi 
smooth as when bitten by a pine-weevil, b Two years old. 
qr Miawed by a mouse, the work of which 
yJim can be readily distinguished by the characteristic paired 
tooth-marks. b ^ 

The larva is extremely destructive in forest- and orchard^ 
^nurse#es and in broadcast sowings; whole rows of young 




pedlings or priched-oufe plants may be seen with drooping 
l&nd dying heads, and reddish foliage or needles. If they are; 
fulled up, it will be found that the ends of the roots have been; 
Saten, and occasionally the larva itself may be found in situ at 
rShe base of the injured root. Figs. 75 and 76 show the roots 
!bf attacked beech and Scots pine seedlings. The larvae are 
1 also extremely destructive to meadows and agricultural crops, 
1 The imago attacks the foliage of broadleaved species from 
'May till July, probably sparing the rohinia and pear only. 
^The oak is most subject to this attack ; then follow maples, 
^sweet- and horse-chestnut, poplars, plum and cherry-trees. 
"The beech, hornbeam, willows, apple, birch, plane-tree, and 
many shrubs, etc., are also attacked, the order in which the 
different species are selected depending on the degree of 
development they have attained when the flight- timo takes 
place. Conifers are less to their taste than broadleaved 
^ species, but the imagos in May and June will feed on young; 
shoots and noedles of larch, and the male catkins of Scots 
fpine and spruce, occasionally on the spring shoots of isolated 
^silver-firs, Trees standing in the open, and border trees are 
Ipreferred, as the flight of the insect to them is less impeded 
■ than it is to trees in the midst of a wood. Lofty trees are also 
^preferred to low growth. In 1878, m the Austrian coast 
^districts, Quercm piibcscew suffered greatly, and even the 
| Walnut was attacked, a rare event. The oak trees were 
^completely stripped of leaves, but became green again by 
means of Lammas-shoots. 

The larvae prefer Bandy soil in sunny places, bare, or with a 
|«canty covering of grass, and large forest cultivations after 
pa, dear cutting. Extensive cultivations of Scots pine 
$jM>rderin$$on agricultural land suffer most of all. Stiff soil 
layered with dense herbage, damp depressions and well-trodden 
are avoided. The pine forests of Brandenburg show. 
30 w closely connected swarms of cockchafers are with the! 

UWr-nnttirwy Rvfitfvm , 

d. Protective Pules. 

i. Natural regeneration under a shelter-wood system should 
-4e oractiaecL SuDoosintf that this is imnr&eiic&bie owing 



ocal^ottditions of climate and species of tree, narrow clear- cu 
filings, with reservation of standards, should be made. h 
my case, large clear-cut felling-areas should be avoided 
Successive fellings should then.be continued only after tin 
foung crop on the last adjacent felling-area has been secured 
In districts where cockchafer damage is frequent, felling! 
diould be reduced as much as possible the year before ant 
luting a swarm-year. Measures that keep the grounc 
sheltered, cool and moist, render the soil less suitable fo] 
>viposition and for the larval life. 

ii. In case sowing is advisable, broadcast sowing should Ik 
idopted in Scots pine woods, together with autumn sowings 
>f corn, or of birch seed. 

When only partial sowing is carried out, the seedlings come 
ip closer together than in the case of broadcast sowing, and 
here is more danger of the whole crop being destroyed ; the 
ockchafers avoid cereal crops and prefer not to lay their eggs 
n places covered with growing corn. 

iii. Planting, and especially ball-planting with strong plants 
s to be preferred to sowing; otherwise, notching with as 
ittle disturbance of the soil as possible. 

In the Eberswuld, planting in pits the surface of which after 
danting is nearly a hand's breadth below the ground-level, 
ras tried with success; the larvae which feed very near the 
;round-level in summer crawl from the surrounding earth on 
o the top of the pits, instead of getting to the roots of the 
danfcs. 

iv. Pasturing herds of swine in all forest-glades. In the 
warm-y^ars this should be done in spring ; whilst the larvae 
,re in the ground, during the whole summer. 

v. Protection of all enemies of the cockchafer!. The 
»adger, mole, shrew, hedgehog, rooks and crows, starlings, etc., 
■ttack the larvae; bats, owls, goatsuckers, shrikes, kestrels, 
,nd harriers destroy the cockchafers. 

A starling will often carry off 5 or 6 larvae at once ; these 
isefui birds eat only the soft abdomens of the chafers. Boxes 
or starlings to nest in should be always set up around forest 
mrseries. 

^ vi. When laying-out nurseries, the neighbourhood of oak 
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oas should be avoided, and the area should be isala®E| 
5bjr ditches. Beds are sometimes made with walls and bottoms j 
<>f stones, and filled in with sifted soil. * 

l vii. Ovipc^ition may be prevented by covering the beds with ; 
4ead leaves or twigs, or by sprinkling them with flour of:, 
sulphur. 


e. limed ml Measures. 

v i. The areas to be stocked, in swarm-years, should be 
completely broken up with tbe plough, or trenched with spade 
or hoe, in order to destroy the larvae. This can be done only 
on fairly level ground. Gas-lime may be ploughed into the 
land, which must then lie fallow for six months. 

ii. Collection in sacks of the larvae which are turned up in 
cultivating the ground, from June throughout the summer. 
This is best undertaken before a swarm-year, as the larvae are 
then nearest to the surface of the ground. It may be done 
both in nurseries and before restocking felled areas. 

iii. Collection of the larvae by digging round plants which 
are attacked in the cultivations ; this can he done throughout 
the summer. 

iv. The construction of traps for larvae, as follows 

a. Sods of grass or heather in square pieces measuring 
8 to 10 in. in breadth are placed with the grass downwards 
on the cultivations. In the forest of Allstadt, Weimar, in the 
autumn of 1870, on 11 acres of ground covered with grass and 
heather, square grass sods 8 to 10 inches broad and 0 to 8 
inches thick, were laid on the surface of the ground # with the 
grass downwards, and from 3 to 11 larvae were found under, 
each so#in July, 1871. Thus, in a short time, 16,000 larvae 
were collected. 

b. Bolls of bark filled with loose soil, and placed in 
the ground. Successfully * done in 150 Prussian ranges in 
1888-84. 

; , <?. Heaps of turf, weeds, humus, burned sods, and dung.; 

Such heaps afford looseness, dryness, warmth, and nourish- 
ment for the larval development, and Heyer greatly recommends t 
their use in nurseries. The females also readily lay eggs in? 
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neaps ot dung alternating with layers of earth, and enormous 
numbers of larvae may be reared in them and subsequently 
destroyed* 

d. Traps of sticks or bark. In a swarm -year and the year 
after it, at the beginning of the warm weather, fresh pieces of 
bark or thin* barked, sappy branches ‘20 to 40 inches long are 
placed horizontally, half covered with soil, in ground infested 
with larvae. This may be done between the rows of plants in 
nurseries, and aspen, sallow, ash, oak, and coniferous wood 
can be used. These traps attract the larvae. This plan was 
tried on a large scale in 150 forest ranges in Prussia in J8H8 
and 1884, but gave only poor results. In all the cases 
(a io </), the larvae must from timo to time be collected and 
destroyed, and the traps occasionally renewed. Oviposition 
may be prevented by netting seed-beds, etc., in the spring. 

r. Trap-trenches one foot wide and one foot deep are 
filled with moss. These are prepared in May and cleared 
of larvae once a month up to late autumn, the moss being 
replaced. 

/. When a bed of seedlings or transplants has been seri- 
ously injured, the remaining plants and all weeds should be 
removed and fairly deep trenches dug round the bed. The 
larvae in the beds will then be starved to death, or come 
out into the trenches, when they should be killed. This is 
practicable only with larvae not ready for pupation. 

v. Collection of the cockchafers in April and May is 
probably the best remedial method to be followed. 

The chief points to be noted are:— The work should be 
commenced early in the season before too many cockchafers 
have emerged ; then only is it practicable to catch the 2 before 
they have laid their eggs. In order to ensure economy, 
children and women should be employed, and the collection 
made only in the morning or on cool days, when the insects 
are sluggish in their movements. The workers are provided 
Jjfilli narrow-necked glazed vessels, or sacks in the opening of 
which the broken neck of a beer bottle has been fastened, to 
serve as a funnel through which the beetles may be dropped ; the 
trees should be shaken over cloths, and payment should be by 
Quantity, Birch border trees round pine plantations, planted 



ptotectivo belt, and border trees generally, should be firsl" 


iaken, as the chafers collect there. J 

T he larvae and beetles may be killed by 
Crushing on hard ground. : 

Scalding with hot water, which gives rise to an extremely 
ipleasant odour. 

Immersion in casks containing a mixture of water and 
itroleum, or 2 per cent, of naphthalin. Both larvae and 
jetles live for some time in water alone. 

Burial in layers in a trench with unslaked lime, or powdered 
Jcium chloride. 

Subjecting the insects to fumes of bisulphide of carbon, 
bis is the best method of destroying them, and was first 
scovered by Dr. A. Mayer. When done on a large scale, 
clean empty petroleum cylinder or similar vessel may be 
>ed, in which the carbon bisulphide is poured on the 
sects. 

In order that the gas may have its full effect, the tin should 
3 covered with a sack, or woollen cloth, to keep out the air. 
ights and fire must he kept at a distance during the opera- 
on. A bushel of cockchafers may be killed by less than an 
mce of carbon bisulphide, and the insects die in from 5 
1 10 minutes. 

Where cockchafers are extremely abundant and injurious, 
i in Germany and France, the expense of collecting them 
so serious, that it is lightened as much as possible by 
le utilisation of the captured beetles. 

This is done in three ways : They are used as food for swine, 
>wls or geese, being mixed with three or four times their 
eight of potatoes or starchy material ; for the extraction of 
coarse oil suitable for cart grease ; or for manure, being 
axed with earth, hone dust, or stable-manure. 

Their value as a food-stuff is about Is. per 10 lbs. ; as a 
rnnure, about 9 d, per 10 lbs. 

Vi. A plague of cockchafers, like a plague of mice, being 
M by agriculturists and fruit-producers, as well as foresters, 
frUBf met by energetic common action of all municipalities 
nd village authorities, and in case the interested parties 
as to any common course of action, the State 
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|&ould intervene to compel unanimity. This is done in 
prance by order of the prefects. The damage done by cock- 
chafers to agriculture in France annually, in great swarm- 
years, is estimated by Le Moult at £10,000,000, the number 
of larvae per acre being up to 150,000 in bad cases. 

vii. Cockchafer larvae, termed vers Manes, have been dealt 
with in France by infecting certain of them with Ihlryth 
tenndla or hath <lema % and then putting them into the 
attacked field. The results were not satisfactory. Another 
plan, adopted in 1890, for forest nurseries is to prepare cap- 
sules full of bisulphide of carbon. These capsules are dibbled 
in, 7 or 8 inches deep, and the gelatine gradually dissolves, 
setting free its contents. One thousand capsules with 2J 
grammes of the bisulphide cost 25*., and about six are required 
every square metre. 

viii. Nothing can ho done to save conifers injured by the 
larvae, if, beside the tap-root, all side-roots have boon bitten 
off. Should, however, some side-roots remain, larch at least 
may recover if severely pruned almost to the ground and 
earthed-up round the roots. The pruning limits the transpira- 
tion, and the earth round the roots prevents tho drying-up of 
the existing roots and furthers the formation of new ones. 
These measures must bo undertaken as soon as the injured 
plants begin to droop. 

2. Mefohmtha hippocastani , Fabr. 

The beetle greatly resembles the common cockchafer, but is 
smaller, being only 20 to 25 nun. long. Prothorax generally 
red, rarely black. Antennae and legs dark brown or black. 
Tail shorter, more abruptly tapering, and somewhat clubbed 
it its extremity. 

Life-history and economy.— In West and South Germany, 
similar to those of the common cockchafer with which it 
swarms, but in smaller numbers. In East and West Prussia 
in the midst of great Scots pine- woods this species alone 
destroys forests, the common cockchafer confining its attacks 
to agricultural lands. It does not merely attack the horse- ; 
^hestnut as its name implies, but nearly all trees. The 
jirvae are highly destructive to young Boots pines, 8 to 6 years < 
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|old f but in tbeir fourth summer they attack the roots of p’oiesj 
15 to 18 years old, and even those of older trees. Season | 
for swarming somewhat early (April). The eggs are laid 8 
^to 14 days afterwards 10 to 14 inches deep in dry soil, but/ 
in moist soil only 2J to 4 inches deep. The larvae appear in 
' July, and pupato in August of the fifth year, about 1| feet s 
Jdeep, The chafers come out in September and October, but 
remain underground till the next spring. A more northern 
insect than the common cockchafer ; in Great Britain confined 
to Scotland and the extreme north of England. 

Protective measures . — Same as for the common cockchafer. 



Fig. 77 . — Mclolontha 
hipi>ocu$Utni , Fubr. 


Fig 7 8, — llh Izotrogus 
wUtiUah a, L. 



8. Rhizotmjus solstitialis , L. (June chafer), 
a. Description. 

, Beetle 15* to 17 mm. long, similar to the two former, but 
with the abdomen not produced into a tail. Brownish-yellow, 
with 4 raised carinae on each elytron ; the prothorax, scutellum 
md underside covered with long hair. Antennae 9-jointed, 
Jie club 8- jointed. Claws with a small tooth at their base. 

h. UfeJmkry y ek. 

Similar to the common cockchafer. Flight-time some- 
what later, in June and July. The beetle attacks young 
Boots pine shoots, but prefers the beech, hornbeam, poplars, 
willows, etc. The larvae devour the roots of small plants 
chilly of grasses and grain crops. , The insect is found ip 



tpre^K^species. Ik ’is locally common in many parts of 
Great Britain. 

' Protective rules and remedial measures as for the common, 
cockchafer. 

Family II.—Buprestiiue. 


JtesrrifiHon of Family . 

Imayo8 long and slender, generally with hard elytra which 
aper posteriorly, as a rule brightly colouiod, with a metallic 
ustre. Antennae short, generally serrate and U -join ted, 
Posterior angles of the thorax rounded. Front and middle 
mirs of coxae globose, the hind pair buttoned. Legs short 
wid weak ; tarsi 5-jointed. Abdomen of 
5 segments, of which the two anterior are 
Eased. The active flight of these insects 
generally lakes place in June and July in 
hot sunshine. A generation usually luMs 
two years. 

Larvae cylindrical or flat, white, and 
without legs ; the first protlioracic segment 
is broad. They live partly between the 
bast and sapwood of young troes, partly in 
the stumps, or in old decaying trees. They pupate in situ m 
a cocoon made of fragments of wood. Flight-holes of the 
imagos transverse oval, nearly half-elliptic. 

The most injurious species are found on broad-leaved trees, 
but in Germany a few species attack coniferous woods. In 
Great Britain all the species of Buprentidae are scarce, local 
and therefore unimportant. The following species, though 
very rave in this country, will serve to illustrate their life, 
history and economy * 
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1 . Agrilus riridis , L. » 
a. Desrription. 

4 Beetle 6 to 8 mm. long, very variable in colour, being some 
times olive-green, bluish-green, blue, earth-coloured, etc. 
'under surface black. Thorax broader than long ; the las 
Abdominal segment ropnded at the extremity ; apices of th< 
’• * l *- , - 1, 7 lromoneanother, and finely dental 



b. LifrhMory. 

tight ia June and July, on the bark 1 

]gg» laid either sing y or y exposed to ‘ 

iBaooth saplings, especially at the base or s 

sun. , j i: ve over two winters before 

fhe larvae apiiearm Augu. • which takes place ini 

April or May ol the third summer 

in a pupal chamber made m the 

sapwood or bast. . 

The imagos emergo m June or 
July, leaving a hole oval_below 

and straight above, thus: — 

Generation lasting two years , 
the insects seldom appear in large 
numbers. 

r. Relations lo the Forest. 

The beetle prefers young beech 
plants, but also attacks alder, 
birch, oak, and aspen, especially 

weakly saplings, generally stand- 
ing in the open, or along the edge 
of the forest. It is, however only 
toga 80 and Bi. — Injury caused to larvae which are re& y e 

by rirm ' BtrucUve. They burrow through 
the bark down to the sapwood, 
' i»,a\g«U«y and eX eavate in it a shallow, 
:ow toft** 1 well-defined winding passage 

rapture of the bork. gometitnes extending deeper 

Wrtrw oral fligbt-W« «f the wood . it increases in breadtl 

. with the age of the larvae. 

, . 3 , , , h . nl)mI part of the stem dies, a 

K P ,a , nt b , e t R ‘ ae bark Foiects somewhat all alon 

[east in dry localities^ i ^ ^ ^ of gaplings whic 

to Bidee . &£ , .l owing to the pressure of the callv 



mi 

d. Protective Rules. 

fi, i. Care in planting out saplings, and choice of strong ' 

healthy plants. ’ . 

ii. Bmearing the saplings with a mixture of 2 parts of clay » : 
1 of lime, and 1 of cowdung, shortly before the flight of the 
beetles. 



Fig. 8 2. —Poplin’- wood bored by Agrilm nex-gultatHu^ 
Herbst. {Sutural 


e. Remedial Mmmm. 

Pulling-up and burning all infected saplings in May and 
•the beginning of June. 

2. Other Species, 

L Other species of Agrllus , such as A. augustulus, 111*, attack 
hansel, birch, and other saplings, and should be treated m 



i manner as A . viridis. A. sex-guttaiuSi HerM, is. 
>mmon in France, where it riddles the wood of old poplars. ^ 


Family IIL-Elaterilae (Click-beetles). 

Description of Family. 

hmp» long and slender, hard, resembling those of the 
ormer family in general appearance, hut usually without 
fletallic lustre. Antennae filiform, generally serrate or pecu- 
late U). 11-jointed. Prothorax broad posteriorly, its hind-, 
ingles produced and acute. Pore and middle coxae spheroidal, 
egg short and rather weak, tarsi 5-jointed. Abdomen of 5 
legments. When laid on their hacks they arc able to spring 
ip in the air with a clicking noise, alighting on their legs. 

Generation, Si— 4 years; length of' time m larval stage 
probably dependent on supply of food, and lasting only three 
years when they are well nourished. 

f* Larvae long and slender brownish -yellow grubs, termed 
wire-worms, with horny, flat, dark heads. They are lightei 
coloured below, and have G legs and a slump-like tubercle 
Serving as an additional leg on the last segment ; the] 
generally live underground, or in old rotten stumps, the] 
.are omnivorous, devouring roots, rhizomes, seeds, fungi 
decomposing vegetable and animal matter, and even other 
'insects. They abound in newly broken-up pasture, or clover 
land, and are most destructive to agricultural crops, and in 
l^lstry to sowings in nurseries and in the forest of acorns, 
leech -mast, maple or hornbeam, and many coniferous seeds, 
ind to the roots and bases of the stem of young coniferous 
i&d broadleaved plants. 

^ Pupation underground in July. The beetles emerge a few 
|U S later, and may be found on flowers, or under bark or 
ftpnesP "Wire- worms are the larvae of beetles of the genera 
*$lpter, A thorn, Agriotee, especially A , linratus, which is t i 
^ef offender, and of other Elaterida. ?■ 

f ^he larvae of Dolojnus marginal us, L., gnaw the roots o! 
Sfpung apfuce and Sects pine, and thus do much injurj' m 
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f^acni^fhoidedis , Fabr., beech-mast, acoiu», uagui-nuts, anti 
p $eeds of hornbeam. Borne species also attack the young 
^shoots of trees, in order 4o extract the sap. Laron vwrinus, L., 
has been known to injure the oak in a similar way to Trie- 
phorm obscurus, L., and certain species of Conjmbites do 
similar damage, so that the shoots be^nno black, dry and 
break off. 

f> Protective rules.— The conspicuous brown larvae should bo 
collected and destroyed when nursery-beds are dug up, and 
turf in which they are noticed may be burned. It is imprac- 
ticable to collect the beetles.* Nursery-land full of wire-: 
worms may be dressed with gas-lime, which should be well' 
dug in, and the land left without further cultivation for 
6 months. The methods of destroying them are very expen- 
sive, requiring 1,000 lb. of liquid bisulphide of carbon per 
acre, or 10 tons of salt. Rooks, starlings and plovers devour 
them greedily. 


Family IV.— Lymexyloniiue. 

Description of Family. 

1 may os cylindrical, long and slender. Elytra not curved 
downwards and slightly gaping at the apex. Antennae thread- 
like, somewhat thickened in tho middle, or serrate, 11-jointed. / 
Fore and middle coxae cylindrical or spheroidal. Tarsi 5- 
jointed. Abdomen of 5 — 6 segments. 

Generation annual. 

Lanae long, cylindrical, soft-skinned, white, free from hair,? 
and 6*ldgged. They are generally found in logs of timber hr 
depots and dockyards, or in stems of trees. The beetles fiy< 
round the trees and timber in June and July, and lay their ; 
eggs in cracks in the Chiefly dangerous to broad- '; 

leaved trees. 

Lymexylon narale, L. 

(a) Description.*— $ 8 to 10 mm. long, black; elytra, abdo- 
men, and legs yellowish-brown. ? 12—15 mm. long, 

f," 

* For an account ol protective treatment agamst wirewynws ride Ufa 
:Smerod e&Jkjji. Ill to lls, . • ... 



side-margins and apex of ifce 9pS| 
ire blackish ; the latter do not quite cover the abdomen. J 
: Larva white, with a fleshy hump on the last segment. 
f • (b) Life-history. --The beetle flies on warm clays from the; 
beginning to the middle of July. The eggs are laid on large 
broken tree-stumps # or on large barked oak logs, but n&ver on, 
sound standing trees. The larvae eat galleries into the wood, 
of "about 1 ram. in diameter and deflected at right angles i 
every few inches. Tho vertical burrows are somewhat 
crooked, but the horizontal ones are quite straight. This 
■insect is chiefly injurious in timber depots and dockyards. 

In 1746, Linnaeus found the damage done to oak-timber in 
the Gothenburg harbour so great that he exclaimed hoy/, 
wonderful it was that so small a worm could do yearly so 
many thousands of dollars’ worth of injury. His advice to 
the King of Sweden, at whose command he investigated the' 
injury, %as to sink the affected timber under water bofore the 
blight-time of the insects. 

v Lymexylon is scarce and local in Great Britain, but is liable’ 
be imported in continental oak-timber. 

&<e) Protective ride *.— Smearing felled timber with tar, when 
attacks are feared. 

; A similar Bpecies, JJykcoetus ilmncsto'ides, L., lives chiefly 
?|n the stumps of felled trees; it is locally common in Great 
-Britain, chiefly in Sherwood Forest, but has never proved so 
^destructive as Lymexylon to timber of commercial value. 

Family V.— Anobiidak. 

Description of Family. 

imagoB small, cylindrical, similar to bark-beetles, with a 
Scried prothorax which conceals thjp upper part of the head. 
rfSnienh® slender, pectinate or clubbed, more rarely serrate, 
7 $i> U-jointed, folded under the prothorax when the insect is 
3jje8$; Fore and middle coxae cylindrical or spheroidal; 
%si mostly 6-join ted, but 4-jointed in the case of man/ 
species, Abdomen with 5 ventral segments. Generation 
lasting several years. The beetles when disturbed liq; 
as if dead. 



strongly curved, somewhat square in transverse * 
Section, whitish, hairy and 6-legged. The beetles appear in 
the spring or early sunffeer. 

The beetles and larvae live chiefly in rotten wood, partly in 
standing trees, where they eat out galleries which cross one 
another ; also in the pith of young pine-sbypots, as for instance, 
KrnoUus mgriims, Er. ; in spruce cones, Anobim ab\dk>\ 
Fabr., and others. They also live in fungi, in the woodwork 
of houses, and in furniture, for instance, Anuhimn pertiuax, 
L., and .1. donu'stieum, Yo\ive. t a small brown beetle 2 lines long, 
known on account of the ticking noise it makes as the “ death* 
watch.” 


Xestobium tessdafum, Fabr. 


Imago 5 to 6 mm. long, convex, subeylind rival, davk-browif, " 
very finely and closely punctured, and dappled with patches 
of short greyish-yellow hairs. 

The imago and larva bore into and riddle the wood of 
old standing trees (oak, beech, sycamore, etc.) and also the 
timber-work of churches and old houses. Locally common in 
England. 

The attack of Anohiulae on trees generally begins at an old 
wound, particularly on the stump of a branch. 

Treatment • — The removal of attacked stems. Careful 
and timely dressing of exposed wounds and branch-stumps ? 

\ t ■vj 

with tar. 


Family VI. — Curculionidae (Weevils). 

Description, of Family. 

ImagoB small or of medium size, with the head produced 
'into a straijjbt or bent ros||um or snout, at the end of which 
; - are the small mouth-parts. Antennae nearly always elbowed, 
|& to 12- jointed, with a club of very variable structure; their: 
. basal joint is capable of being folded into a groove or scrobe 
Y'in the snout. Elytra broader than the thorax. Fore coxae 
|«pheroidal or conical, hinder coxae small and transverse. ^ 
iLegs stout, the thighs sometimes adapted for leaping. Tarsi 
Ik-iointed. the last joint but one being generally heart-shaped*; 



|sjl bilobed. Abdomen of 5 segments, of which the two first' 
inre generally larger and united. Maigr species have no wings f 
SjSeneration usually annual, but it may last for two years, or 
r two broods may occur in one year. 

|v Larvae, thick-set, cylindrical, curved ventrally, the head 
^horny, the body soft-skinned, wrinkled and thinly hairy, 
Stvhitish and without feet. 

• Pupae recognisable by the conspicuous snout and antennae, 
generally with two posterior pointed processes. The larvae 
and beetles eat the roots, bark, bast, wood, leaves, blossoms, 
fruits or seeds of forest trees. 

■ There are no galleries made*by the parent beetles for ovi* 
position, but the eggs are placed in situ by means of the 
snout. Some species are very destructive. Most of the 
beetles drop to the ground from the plant at the slightest 
shaking. 


1 . Apodenis vonjli , Fabr. 
a. hescrijdion. 

xne oceuv is u to 8 mm. long, bright red, with the head 
antennae, a median spot on the prothorax, and the underside 
black. The elytra are rather short and much wider than the 
narrow prothorax, with rows of strong punctures. 


b. Life-Mstory, eh. 

Ebe $ in May cuts the leaves of various broadleaved treei 
J by a trausverse incision made towards the 

base and reaching the mid-rib. , She tbex 
rolls the terminal part into a thick cylin 
drical roll, in which a single yellow egg ii 
laid. The larva#eeds on the inferior of the 
roll, which subsequently becomes detached 
and when mature it pupates in the ground 
The beetle is locally common, thougl 
never abundant, chiefly on hazel, alse 
on aider, oak, beech and hornbeam; i 
frequents young shrubs and undergrowth 
* fiio tiarfani IaaAa hv mmwinff holes in the leaves 



S3. — Oak-leal, 
Mttpby 
iHowide*, L. 
tfaturat «i&.) 
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injurious it may be collected by shaking, and the 
rolls may be picked off. 

v AtteMms curculioumdcft, L., a very similar insect with almost 
smooth elytra, is locally common on oak and sweet-chestnut, 
chiefly on undergrowth. 


2, Ithynchites betulae , L. 
a. Description. 

This beetle is 4 to f> mm. long, black and slightly hairy ; 
rostrum hardly longer than the head ; elytra 
broad with deep coarsely punctured striae; 
posterior femora strongly dilated in the $ . 

h. Life- history, etc. 

The ? in May cuts the leaves of birch 
and other trees on both sides down to the 
mid-rib in a curved line, beginning near the 
base of the leaf ; she lays an egg on the edge 
of the leaf in a little pocket made in the leaf 
by removal of a hit of its epidermis, and then 
rolls up the two sides over one another, so Fig. fn. Birch- ‘ 
that the gg lies in the middle of the roll, 
which is open at both ends. [Xaiumi ^ 

The larva feeds on the roll, and in the 
autumn falls to the ground with it, and pupates in the soil. 

The beetle prefers the birch, on which species thousands of 
these rolls may be found ; but it also attacks beech, poplars, 
alder, hazel, etc. It is common, and widely distributed in 
Britain. 

c. Protective Rules. 

The rolls may he collected and destroyed. 

JL betuleti is very destructive to vines, and also attacks 
tximy broadleaved trees, as birch and hazel; and It. populi t , 
jjX,, attacks poplars and aspens. Both are local in Great 
iBrifcam. 




8. Strophosomus coryli , Fabr. 
a. Description, 

The beetle is, 4 to C> mm. in length, short and thick, with'; 
the elytfra convex and subspherical ; covered with close-lying 
mottled brownish-grey scales, except over the base of the 
future, which is black and bare ; prothorax with a 
furrow : antennae and legs ferruginous. 


b. Life-history, etc. 

Pairing takes place in June, and oviposition follows on 
small roots near the surface of the soil. The larvae lie under 
:the surface-covering, especially in dry places, pupating in July 
and the beginning of August. The perfect insects are dis- 
closed in ‘August and September. They are wingless, and 
? : ^scend trees by climbing, beginning in early spring to feed on 
|ihe needles and bark of young pines and spruce (by preference 
^jabout two years old). This insect, which is abundant both 
p* conifer woods and in those of broadleaved trees, is 
|OCcasionally very injurious. 


. Protective Rules. 

f Thorough grubbing-up of Bfcumps and root-stocks ; employ- 
in cultivations of well* grown and not too young plants ; 
/trap-ditches ; the collection of the beetles in August and Sep- 
tember under pieces of bark on the ground, which are kept 
i^own with stones and visited daily. Collection of the perfect 
Insects from the plants by shaking, which should be done in 
thespring; the beetles drop readily. ' ; 

ohmis, Marsh., and 8&Umbatu*, Schonh., are Allied specie^ 
similar appearance and habits. 1 VA' 

^ Various other species, as Sitones lineal m, L., and the Phyfc 
weevils covered with bright* or dull green scales, also eat; 
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4. Bdaninus nucntn , L. (Nut-weevil), 
a, Description, 

Beetle 6 to 8 mm, long, oval; black and covered with 
1 yellowish-grey hairy scales. Rostrum very long, thin and 
^curved, reddish-brown. Legs dark rust-brown, with greyish- 
■ Jrellow hairs. 

b. Life-history , etc. 

The beetle pierces hazel and other nuts with its proboscis, 
whilst the shell is still green, from May to 
July, making in each nut a single hole as if 
pierced by a needle, in which an egg is laid. 

The larva (maggot) eats about half the kernel 
of the nut, and falling to the ground with 
the ripe fruit in autumn, gnaws its way out 
of the shell, and pupates in the earth till 
next spring. The perfect insect emerges in 
the summer. Worm-eaten nuts may he 
distinguished by either of the holes in them. 

The species is common and may diminish 
the seed yield. An allied species, B . ghindium , 

Marsh., chiefly attacks acorns. 

r.. Protective Rules, 
s Collection and destruction of the nuts which fall earliest 
$(thoB e infested with larvae). Collection of the hectics by shak- 
ing. XHmice attack the green nuts to reach the larvae. 



Fifj. K5.*— Hard* 
nut, bored by 
//. ntiau «, 1 .. 
(Sutural size.) 
o Holt'nmilpby the 
patent beetle. 
b Kvit • bole of 
larva. 


5. Orchestes fayi, Gyll. 
a. Description. 

he Beech leaLminer beetle is *2*5 to 3 mm. long ; black* 
Iwith fine grey hairs. Elytra with striae of conspicuous, coarse 
^punctures ; rostrum depressed under the body ; antennae and 
|$egs bright brown. Hind-legs adapted for leaping, their 
fefemora thickened and furnished with a small tooth before the 
lipex. 


£■«# ? lays ber & 

eloped beech i ea ! 8gS °“ e by one on &e n 

ess- -‘E-spsi - *** '»»“* 

f“ ■*** i. 4 :* * h *" •«££ , 

•• Pu Pat»n takes p l ac 



^ * 5 "** gnawed by the 

near the border nf n , ' J 

^Sr^r- 1 * inte "" 1 - 

f-X'zsr - 

l The beetle sW. Taft( . . been 

V after emergence has been t„ t 

in9tence - fruit (cherri H 
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attacks woods of all ages, but prefers old to 
Bbng growth, and especially trees bordering the wood, or 
■Mated trees, as shelter trees in a regeneration felling. It 
appeared in the Palatinate in 1869 in such numbers that in 
pnany beech woods scarcely a leaf .was left uninjured. In the 
ISpessart, in 1888, the beetle seriously reduced the rich beech* 
'toast. In 1898, the beech leaf-miner was extremely abundant 
In beech woods, all over Germany. It is common in Great 
Britain. No protective measured other thau the encourage- 
ment of insectivorous birds are practicable. The beetle is too 
active to bo captured in numbers. 

G. Orchestra querent, L. 

Beetle reddish -yellow, covered with grey hair, ami with black 
eyes and breast, binder thighs with 
serrate teeth. It attacks the oak 
just as the preceding beetle attacks 
the beech. It is commonest on 
suppressed oak undergrowth, under 
Scots pines, etc. 

7. Cnipiorrhynvhn* lapathi , L. 
ft. Description. 

Beetle 7 to 8 mm. long, and very 
characteristically coloured ; thorax 
and the basal two-thirds of the 
elytra dark brown or black, with patches of erect black scales; 
flanks of the thorax, the anterior part of the under surface, 
the apex of the elytra and the femora thickly covered with 
white scales. The rostrum can be folded into a furrow under 
the thorax. * 



Fig. s7 . — Vryplurrhynchutt 
lapathi, L, 


b. Life-history . 

The beetle flies at the end of April and in May. The eggs 5 
are laid in May, in small holes gnawed in the bark of the 
iStem, or of the branches of alders, etc. 

The larvae appear 14 days later, in May or June, and pupate 
$g a rule in autumn in their galleries. The beetle emerges in 


and passes the winter in these galleries or 
jioss ; but occasionally its emergence is deferred till tie 
$>?ing. Generation annual, sometimes lasting 2 years. 


c. Relations to the Forest . 

The black and white alder are preferred by it, then willows ; 
>ut poplars and birch are also attacked. If attacking alder it 

selects young stems (2 to 4 



years old), but older trees in 
the case of willows. It is 
therefore more dangerous to 
the alder, and especially the 
black alder. Willow-cuttings 
are also attacked without 
respect to species, and care- 
less coppicing giving rise to 
gnarled stools increases the 
danger of infestation. 

* The insect is injurious both 
as a larva and imago. 

The beetle eats the hark 
of young annual shoots down 
to the sap-wood. The larva 
then gnaws under the bark, 
and bores obliquely upwards 
or downwards into the wood 
and often to the pith, thus 
ruining the young stems,' 
which die or break off (Figs. 
88 and 89) ; in the latter ,, 
figure the galleries of the J 


larvae have beeil exposed. 

; The attack is indicated by discoloration and swelling-up, of 
H bark, and later on by its depression over the points ol 
njury, and by the brown wood-dust which is ejecteS from the 
►arrows, or has fallen to the ground. 

: The beetle attacks and kills isolated stems along the banka 
►f streams where the localities are not too dry, and since 
^ common near Tharand in Saxony/, 
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p^taS 7 ii. is somewhat local, though not uncommon wher 
occurs. 

r f 

*5 il Protective Bubs, 

[■ Infested plants and coppice* shoots should be cut down b; 
; tht? end of July and burned. 

The beetles should be knocked off the trees on to cloth* 
This should be done carefully, as the slightest shaking of th 
1 trees induces the beetles to fall and lie as if dead on th 
: ground, where they may escape observation. 



Vi 

£’]V. go . — Iljjlobiiis afiidtK, Fabr 
a Imago. b Larva. c Pupa. 


8. Hylobius abictis , Fabr. (Pine -tec on \l)S 
a. Description* 

Beetle 8 to 18 mm. long, of strong build, pitchy-brown, wit 
: 2 or 3 golden (rarely pale yellow) irregular stripes across til 
• elytra, and a few spots of the same colour near their ape; 
\ Head with a strong, somewhat curved rostrum, thora 
f gradually narrowed from the middle to the apex, with coar* 
^confluent punctation and a slightly elevated median ridg 
| clothed with patches of thick haii/ elytra Ihrice as broad f 
the base of the thorax, and some\f * elevated at the shoulder 
IJjiegs brown, the femora* toothed >ow (by which it may 1 
j|; distinguished from Pissodes pin! which otherwise greafcl 
ktesembles it), and generally datf than the tibiae. 

11 **' j 

k * Xhe most valuable account of fctf cry destructive forest insect is 1 
plbberfbrster von Oppen, 4 ‘ Fntersuclruq/ .liber die GeueraWonsverhaltoissc d 
rtteU:' ** J£eit»chr. ft. Frst. a. | f ' 1M, PP* Hl md lih ... ; 



Che chief swarming 


ig, 91 , — Scots piae root 
bored by If. abtflis, L. 
Boriug free from woijfe* 
dost. 

Boring full of wood. dust. 
Lougitudiilftl auction of 
pupal chamber. 
ITraiwverse section of 
pupal chamber. 

Flight hole. 

Entrance to pupal cham- 
ber closed with bite 


I, Life-history . 

period of this beetle, which lives fron| 
1 to 2 years, is in the spring or earl| 
summer (May or June) ; but pairing 
and reproduction go on throughout thd 
whole of the warmer season up to Sep- 
tember, so that no real period for 
swarming exists. Copulation generally 
takes place on the ground. 

The eggs are laid from May tovSep- 
ternber on # stumps and' roots of the 
Boots pine and spruce, preferably on 
those of 1 trees felled about 18 months 
before. The under-surface of roots— 
and especially of those which project oul 
of the ground — is preferred. Hiber- 
Dating*- beetles* continue egg-laying iti 
the spring. 

The larvae appear after 2 to 8 weeks 
and .up to the middle of October eat gal- 
leries. sometimes a metre long (Fig. 91' 
in the bast and sap wood of the stuinpf 
and roots ; the burrows continually 
increase in breadth, and are filled witl 
wood-dust. The larvae, at least thosi 
which have been hatched in the autumn 
pass the winter at the end of tbest 
galleries. They do no injury of an; 
ecouomie importance, their sources o 
food being confined to valueless wood. 

In the following spring,after havingjbeei 
dormant for about 9 months, the larva 
pupate in the stump or roots, in a cooooi 
constructed of wood-fibres and boring 
dust. The pupal state lasts about 2 to j 
weeks. The perfect insects emerge tap 
May tall September of the second yeai 
The period*o! disclosure thus extend 
over fom month?, corresponding teM 


' 1 those beetles which ©merge during -tin 
autumn do hut little injury, as they do not appear in sue! 
numbers as in the spring ; except for a few belated individuals 
they pifpceed at once to copulate. Nearly the whole sunnue 
through both larvae and imago© may be found. The lattq 
pass the winter under moss, dead leaves, in the ground, i 
hollow stumps, under stacks of wood, etc. Von Oppon foun 
that they prefer to winter in dense thickets of 10- to 15-yeui 
old plants rather than in older woods. 

The generation lasts generally, one year only, hut ma 
extend to 15 months ; only under very favourable climati 
eircunistapces can it be less than a year. 

The beetle frequently appears in extraordinary numbers o 
ielling-areas, where it is bred, and in plantations which 
destroys. It is very common in most pine woods throughot 
Great Britain. 

It rarely if ever dies, moves slowly along the ground, ar 
in times of great heat or cold conceals itself hi glass, lefuse 

felled trees, earth, etc. 

4 0 

- c. Re If t Horn to the Furrat. 

This species is important in the perfect state alone, by tl 
injuries it inflicts on young coniferous plants; weakly Sco 
pine and Bpruce of 8 to 0 years old are preferred, but young 
plants, even yearlings, are attacked, and exceptionally otb 
conifers (black and Weymouth pines, Douglas fir, silver-: 
iand larch). Even broadleaved trees are attacked, duel 
oaks and other species planted in old coniferous woods, 
employed as a shelter-wood for Scots pine. The insect 
• therefore clearly polyphagous ; 

' . The damago.is done from May to September, the bark 
“ the young plants being gnawed all aloti!; the stem, down 
-the rootstock. The bast or sapwood is exposed in patch 
Lwhich may be as large as a bean, and resin exudes from t 
flora walls’of the points of attack. More of the outer bark 
I’always removed than of the bast, so that the injuries appe 
ihs irregular and shelving erosions of the surface. 

I Frequently in this way : the young trees are girthed, a 
Li., ama.il nlanta are comnletelv peeled, up to their crov 



OTttOTW & pW the attacks of the me® 
he development of numerous shoots from dormant, buds; th<|| 
iprucfi is sooner killed than the pine. JJ 

On plants over six years old, only those parts frot3^ 1 to 
jears old are attacked, as the six-year-old bark is too hard for . 

be insect. . # ^ 

The damage done is much greater in the spring than late in } 

the summer or in the autumn. 



i„ 8 go 93 anfl 94.—' Young spruce plants gnawed by li. abieth, Fubr. (Mtturab 
9 iu.) ’ In Fig. 1>4, a indicates the gnawed parts, b those still covered with bark. ; 


" Freshly planted, extensive, sunny clearings near old woods, 
are preferred by the beetle ; especially those m which the] 
Stumps have -been left in the ground, or not thoroughly, 
extracted. The beetle does not appear at altitudes over 8,00^ 
to 8,800 feet. 

■ ' d. HfrftC'Mve Rules, 

®V jhe best means of prevention .consist in supply^ th| 
insect with as little opportunity »» I^%J| 



reading, border to prevent its swarming in certain localities 
A the spring. The following are recommended 
1 i. Establishment of small feeding-areas, as if these an 
xtensive the reproduction of the beetle is greatly facilitated. 

Care must, howevor, be taken not to go too far in sub 
iividing the felling-areas, as each area is a breeding place fo 
weevils. 

ii. Interruption in the order of successive fellings, so tha 
vben a felling has been made no adjoining area shall be felloe 
ill after the lapse of 3 to 5 years. In this way fresh breedin 
naterial is not afforded close to that of the previous yeai 


N. 



^Fig, Do. — Arrangement of fellings as dnserihwl in ii. 
N. E. S. W. Points of compass. 


Fig. 95 shows such a distribution of felling-areas, whe: 
fellings in adjoining areas come every three years. 

Hi. Timely and complete extraction of stumps and roo 
from felling-areas in coniferous forests, in order to reduce 
iauch as possible the number of breeding places for the i 
Shis is the most effective measure of all. The extraction 
stumps must begin with the felling and be finished by t 
Commencement of the next winter. It is better to grub i 
|fte trees with the roots attached than to fell the trees first ai 
then extract the stumps and roots, and the former method h 
|been followed for many years in Hesse and Nassau with ve 
good Results as regards the diminution of the numbers 
Sfeeviis. 


iv. Tbe telling-areas should be rapidly cleared pill retuse, 
tid all sickly and dominated undergrowth should be removed 
before the area^is planted up, as such growth affords very 
*vourable shelter for the weevils, 

;/ v. It has been proposed by Heyer and other authorities 
hat planting should not be attempted until one or two years 
liter the felling. By this time it is hoped the remains of the 
roots will have dried up and become* unsuitable for breeding 
places. Dr. Hess considers that this involves too great a 
sacrifice of time and interest on capital, even if it avoids the 
aecessity for replacing 50 per cent, of the plants, and alsc 
that the consequent deterioration of the soil entails more 
BXpense than the cost of replanting the failures. He estimates 
that an interval of at least 8 years, instead of I or 2 years, 
is rtquisite to cause the roots to dry up and become incapable 
of serving any longer as breeding places. 

vi. Strong transplants should be used, together with 1 to 5 
years’ temporary field crops. Ball and mound planting ar< 
Recommended, and Nordlinger prefers autumn ^planting, as th< 
plants are less liable than those put in in the spring to attach 
by the weevils. Temporary field-crops involve a thorougl 
forking of the soil, and this requires complete eradication o 
|hc roots of the former crop of trees. 

In Saxony, wherever there is danger of an attac^of weevile 
mowing in patches is preferred to planting. 

vii. The* plants may be dipped in a mixture of chalk am 
|water, up to half their length, before being planted. This 
War Cobleniz, cost Is. U. per 1,000 plants and prove 
^successful. Plants in situ may also be dressed with catei 

^llar grease at the rate of 500 plants per day’s work of te 
:jhQ Urg ; The operator makes with his finger a small trewjj 
-ound each plant, greases the stem and top of root, and the 
Jaeaps the earth again around the plant. 

viii. Brpadleaved trees may be mixed with the conifers. 

Sheep may be fed over the felling-area, as the 

^hoppings are obnoxious to the beetles* ; 

& Protection of ineeckenemies : Me fox, rook, crow, 
%rling* . et£. The H^atoid ^rm, 
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the beetle "and produces living young. They come out 
Mid grow in the ground into a form of lihabditia that 
lays eggs. The worms from these eggs eventually enter the 
Ilybbm. 

! e. Remedial- Measures. 

i, Trenches to trap the beetle should he dug. Those may 
be utilised either for. isolating the plantations, or merely for 
catching the beetles. The isolating trenches are dug round 
the felling-areas early in spring in order to separate them 
from neighbouring cultivations, and to collect the beetles 
which may appear within their radius. The other class of 
trenches for trapping the insects is dug within the felling* 
areas. If this plan is followed, all cultivations are isolated, 
The ’trenches must bo kept in order, and repaired after rftiny 
weather ; all beetles which are found in them should he 
collected daily and crushed. As many as 1/200 beetles have 
been found in one of the holes made ten metres apart in such 
trenches. 

Unfortunately these very effective measures are not always 
possible, for instance in stony or very loose ground, or on 
steep slopes. The dimensions for the trenches are given on 

t l75. 

ii. Artificia$breeding*material may be supplied in June, in 
^he form of fcaooth-harkod pine or spruce poles 3 to 5 feet 
'long and 2 to 4 inches thick, cut when in full sap and buried 
in the ground at intervals of 30 paces apart, obliquely, so that 
/one end is 10 in. deep in the ground, and the other about 1 
|pr 2 in. above the surface. In order that the bark may to! 
preserved intact, the holes must be dug beforehand and the 
|meces of wood placed in them and covered with earth and 
psd&, which should be slightly trodden down. 

Sc These traps should be placed both the years before umlaftei 
felling. in the felling-areas, but are useless in cultivations; 
I'tbey should be carefully pulled out in September and Oclobei 
burned, so as to destroy the larvi^hey contain, and it 
feder that none of them may be overlooked, they should to 
Maced regularly, or a smaiytkk should be stuck in the groan* 
them. : 



^WPMple’mvolved is to provM art^iid Wmwmm 
30 areas where by careful contraction of stumps naturaM 
breeding-places are about. The larvae are thus fixed in definit^ 
localities, where they can easily be destroyed. Van Qppen in 6 
|ears (1886—1891) protected 268 acres of felling-area in this!' 
way, and on 1,373 poles found 91,400 larvae, the cost being U4 
per acre, or ljrf. per pole. ^ '* 

iii. Traps made of pieces of bark lying on pieces of cloth . 
may be distributed about the felling- areas and cultivations 
between the months of April and September, and must be 
renewed two or three times during this period as they become 
dry and cease to attract. # 

The best size is from 12 to 1G in. long X 6 to 8 in. wide., 
They are placed with the bast downwards and .sometimes 
several one over the other, and pressed down with clods or 
stones to keep them moist. They must be searched daily for 
the beetles. From 25 to 50 are required per acre, according 
to the abundance of the insects. Coniferous bark, and, by 
preference, that of the Scots pine, should be used. 

Children collect the beetles better and at a cheaper rate than 
adults. It is a good thing to place fresh pine twigs from the 
.youngest Bhoots under the bark to attract the beetles, which 
will be found eating these twigs when the bark is lifted up. 

Wide fiattieh bottles containing a mixture of acetic aciu, 
Wood-tar and turpentine may be placed in the ground, the 
tops level with the surface and covered by a piece of bark, 
-The beetles are attracted by the smell, creep under the bark, 
;and fall into the bottles. . 

V iv. Cultivations may be searched over for beetles by^ 
children or labourers engaged in plantation work just before; 
the midday or evening rest, with good results, and at a vei^jjj 
jflght expense. . ^ 

4 The above remedial measures, if steadily pursued, will rende# 
attacks of these insects of no importance. The beetles' 
%ould be killed by ^pshing on a hard surface or by scalding^ 
Germany , IIpwm pimstn, Gyll, a smaller species'll 
1/eevil, does similar damage to that caused by 71. abietis , and.; 
should be dealt with in the san^^mmer. TL pimti, Fabr^j 



gfaffip fts koiatpC 


283 

9. Pmodes notatus, Fabr. 
a. Description* 

Beetle 7 to 8 mm. long, of a reddish-brown colour, # find 
Irregularly sprinkled with bright-coloured squamous hairs ; 
prothorax with about 8 yellowish -white spots, its hind-angles 
icute; elytra with impressed lines of punctures and two broad 
ferruginous or whitish bands, the anterior one interrupted at 
;he suture. 

h. Life-history. 

Period of flight : April, May and June. The eggs arc laid 
in tho two latter months, generally on the stems of young 


a 



Fig. 0 notatus, Fabr. 
a and b Imago. <■ Larva. d Fnpa. 


coniferous plants and preferably on the lowest internodes, but 
also on the trunk or roots of older plants, on felled trees and 
stacks of firewood, and on cones. 

The larvae appear 3 or 4 weeks afterwards, in June and July, 
^nd live between the bark and wood, pupating in their burrows 
at the beginning of August. 

The beetles emerge from the middle of August to the end' of 
September,' and hibernate at the roots, between cracks in the 
bark,, under moss^litter, or in the ground. 

^ Larvae and pupae of this insect may also be met with during 
Ihe winter, and the beetles from these appear in tho spring. 
penewtim single. The insect is widely spread, but less con* 
S^tiian ItykUu s, This is 4ecidediy the case in Britaii^ 





P. 'tiotyttus is almost 
conifer woods of Scotland. 


c. Relations to the Forest , v P, 

The beetle in May or June pierces the' 
bark of Scots and black pineS, more rarely 
that of the Weymouth pine, spruce or larch, 
near the rootstock down to tho bark and sap- 
wood, partly to feed on the sap, and partly to 
lay its eggs there. It prefers^ 4- to 8-year-old 
plants, but also attacks poles up to 80 year! 
of age. The perforations resemble fine needle 
holes, and are very numerous. 

The larvae eat their way between the wood 
and bark in descending, slightly winding, and 
constantly broadening passages, which become 
filled with wood-dust ; at the extremity of the 
burrows they construct oval cocoons made of 
wood-fibres, out of which the beetle bores its 


Sg. 97,— Cocoons 
fof P, Hotatti#, 
Fabr., on the 
stem of a young 
pine, lu tho 
portion covered 
with bark a 
aperture 
bait been out, 
under which is 
a flight-hole. 

' {Sfatm'ql' 



-Pine- 


•way. 

The insect is more destructive in the larval 
stage. Plants which are attached may b(| 
recognised in July by small drops of tuipen 
tine on the bark, and by the reddening an< 
eventual death of the 'needles. lf iPhas no 
been girdled, a few green twigs may still b 
noticed on the wiltifig plant. 

The larvae also live in the younger cones 
often tVo or three together. Later on thes 
cones become yellowish-grey, and may b 
recognised by the circular exit hole of tb 
beetle, which is about the size of No. 6 c 
‘ No. 7 shot. / 

d, ProUeUm Rides, 

i. All sickly plants an^dominated sten 
should to removed. < 

• ii. All rootstpeks should be grubbed » 
and all felling auists* rapidly cleared. 




e. Remedial Measure*. 

f\ i Young plants containing larvae should he pulled up and 
burned in June and July. 

} & All poles which have been attacked should be felled and 
barked. 

iii. Billets of unbarked fir-wood should be laid about, as for 
1L abieth, in order to attract the beetles for egg-laying. They 
Should be removed from the middle of June to the middle of 
July and burned. 

^ iv. Cones attacked by the insects, and recognisable by the 
exuding turpentine, should be collected and burned. ■ 


10. Other Specie* of Piesodm. 

Another species, P modes piui, L., attacks almost every 

.species of pine and also young spruce in a similar manner to 

P. notatns. In Great Britain it is confined to Scotland, where 

-.it is locally common. It is a rather larger insect, with the 

anterior fascia on the elytra reduced to a few pale spots and 

;the posterior fascia much narrower. Other species of P modes 

destructive to conifers in Germany are P. piviyhilus, ilbsfc,, 

on Scots pine; P. henymae, Ilbst., on spruce, which has 

been very destructive in the Harz and other forest districts in 

Germany; and P.piecae, 111., on the silver-fir. 

* 


Family YII.— Scolytidae (Bam* Beetles).* 
Description of Family ♦ 

u BeetlS small and cylindrical, resembling the Anohiidae L. 
htheir general -form. Head globose, rarely produced into a 
tahort muzzle, and inserted deeply into the convex thorax f 
p&hfcennae short, more or less elbowed, and terminated by a large^ 
puB, their funiculus composed of 2 to 7 joints, Legs shorty 
the tibiae epined or toothed on their outer border, the tarsi ) 
jwith four evident joints, the third sometimes bilol>ed. Abdomen 
5 segments, the two first of which are generally fused, 

Eicbhoff, W., "Die EuTopUiBchen Borkenkafer.” Berlin, lSSl. The news 
5atooaMnFai>h on the Bark-beetles. 



iifiMly .annual, sometimes biennial,’ or eiTSS$| 
over a year and a half. Larvae cylindrical, curved, witlj 
tnbercles bearing strong hairs, apodal, and closely resembling 
Sie larvae of weevils. 

^ Pupae short and thick, with a few spines and hairs. 

the larvae and beetles live almost exclusively in the bark, 
bast or wood, more rarely in the pith, of our forest trees. They 
Attack roots, stems, branches, twigs and yoiuig shoots, and 
foxmg or old wood, preferring the latter. The kind of tree 
syhich they attack, arid the arrangement of their borings, is 
Usually characteristic of each species. The beetles penetrate 
(nto the trees by boring a small entrance-hole, like a shot- 
Wound, through the bark. This is usually accomplished by 
tije ? , but in some polygamous species the $ enters the tree 
and excavates in* the hark a small pairing-chamber. From 
this chamber, or from the entrance-hole, proceeds the gallery, 
which is made by the ? , and in the outer surface of which a 
few air-holes may be perforated. The galleries may be divided 
into those constructed in the bark or alburnum, parallel to the 
interior surface of the tree, and those which run more or less 
vertically into the wood ; the former may be subdivided into 
dhgitudinal or transverse simple galleries, forked galleries, o| 
stellate galleries, the latter being formed by several ? boring 
•idially outwards from the circumference of a ^l iug-ch amber. 
;%e form of the gallery is in the main cdSfeht for each 
pepies, but may be modified by the size of th#fttem which is 
backed, by the absence of knots, etc., or by the over- 
Sundance of insects boring in the same trunk. The $ lays 
eggs as a rule in small hollows bitten out alternately on 
-cb side of the gallery she is gradually excavating, ^packing 
-;em in with wood-dust. The larvae, after hatching out, eat 
Elleries which radiate from the breeding gallery, becoming 
^dually wider with the growth of the larvae, and filled with 
j)od-powder ; they pupate in a chamber formed at the end of 
^ gallery either in the bark, bast or sapwood. Finally the 
^stlee eat their ( way out through round holes— flighuhoks^ 
•;ibe dfewte^of their own bodies. . , t 'X 

|fhiti;^';^|eneral ; mode^ fife;, of the bark-beetles, 





iWJ 

u»iiB regular gaueaess, out merely enlarge tire egg chambers m 
he Wood of the tree, and the mature insects escape througlr 
he bark by the original boring made by the mother. 

Bark-beetles are specially addicted to conifers, and most of 
hese species are monophagous. An occasional departure 
vhicli they may make from this rule is to be looked upon as 
m exception due to local circumstances. There arc also 
lumerous species of these insects which feed solely on coni- 
erous trees or on broadleaved trees, butr without attaching 
hemselves exclusively to a particular kind of tree. Evon the 
ew polyphagous species show an individual preference for 
lither coniferous or broadleaved trees. There are no panto- 
dragons bark-beetles, which eat herbaceous as well as woody 
)lants, whilst those which only attack herbaceous plants are 
r ery few in number and without interest to tile forester. ! 

Bark-beetles prefer freshly felled stems, but also attack 
landing trees; they then commence their attacks on sickly or 
njured stems. A certain degree of warmth is necessary for 
hem? and the flight of, tv/., Tomkas lypoyruphix, L., begins 
gjly when the air temperature is 4)8 F. Even the hardy 
ft. chahfotfvaplim, L., requires a temperature of 0T F. 

This family of the Coleoptera is generally regarded as the 
nost important which the forester has to guard against, owinjg 
,o the large number of very injurious species which it com 
,ains. Fortunately, many of these are unknown in Britain,: 
>r are so rare as never to have been classed among out: 
lestructive insects. ,, 

Judeich and Nitsche distinguish the subfamilies of injurious 
bark-beetles as follows : — 

Tomicini. True bark-beetles: Head hidden beneath the 
|>rothorax. Antennal funiculus 2 — 5-jointed. Tarsal joints 
simple. Apical declivity prominent and generally toothed. 

Hylesini. Bast-beetles : Head prominent, not concealed 
beneath the prothorax. Antennal funiculus 5 — 7 -jointed* 
Third tarsal joint usually bilobed. Apical declivity without 
teeth* 

Scaly tinL Sapwood-beetles : Head prominent*. Antenna! 

t : i:..„ n tt/.arr»atv an*>l 



A. Subfamily Tomioini. 

Description of Sul family, 

" Head 'generally round, hidden beneath the thorax, *andj 
^arcely visible from above. Antennal funiculus 2 to 5- join ted. 
Thorax not contracted in front, convex or subspherical, its 
surface covered in front with small asperate or tubercular 
projections, behind usually punctate or smooth. Tarsal joints 
Simple, npver bilobed, the first much shorter than the other, 
three together. Elytra sloping downwards at the apex, the 



a Jtmtgo. b Larva, c Pupa. 

^sloping portion, termed the apical declivity, sometimes im- 
pressed or excavate and often toothed. Under-surface of the 
:abdomen flat. There are 11 genera and 29 species recorded 
"'from Britain. 

§1 They generally live between the bast and sapwood, some 
Entirely in the wood, and a few in the outer bark, and are very 
Common in coniferous forests. 


1. Tomicus typographas , L. 
a. Description, * 

-%'Beetiq 4*5 to 5*5 mm. long, stoutly built, dark brown of 
blackish, shining, hairy, with testaceous antennae and legs, 
tt^ad with A small tubercle immediately over the mandiblea 
iWaxas broad as long, its dorsal surface with rather fin« 


repressed striae, somewhat finer posteriorly, the intervals flat, 
fot punctured except at the sides and apex ; apical excavation 
|<Juli and irregularly punctate, with four teeth on either side, of 
£ which the third is the largest. 

l>. Life- history. 

Flight-time at the end of April or in May, at higher altitudes : 
at the beginning of Juno. Under favourable circumstances a 
second brood may appear in July or August. The beetles are 
found in pairs boring into the trunks of large spruce trees 
under the crown, especially on 
he sunny side; when they 
■each the bast, they prepare a 
seeding chamber ; after pairing 
he $ excavates one or more 
jalleries running in the long 
txis of the trunk, which besides 
he original bore-hole, may con- 
tain 2 to 5 air-holes. On the 
right and left of the mofcher- 
jallery she bites out little re- 
iesses of the size of a poppy-seed, 
md lays in each an egg, generally 
X) the number of 30 to 50, but 
sometimes as many as 120, 
which she covers with fine 
wood-dust. 

After 14 days the first larvae 
appear in May and June, before the egg-laying is quite 
completed, and eat out slightly winding galleries in the bast, 
somewhat at' right angles to the direction of the mothei 
gallery, pupating at their ends in a chamber in the bast. 

The newly disclosed beetles leave the trees through round 
holes in the bark in July or the beginning of August, and 
hibernate in stumps, cracks in bark, under bark, and more 
rarely in moss. When they come out early, before the end oi 
June and under other fafourable circumstances, they at onci 
commence to lay eggs for a new brood, from which beetle! 
appear during September at the latest. 



Fijr. i no. — JiurrnwMU' T. htr^jraphm^ 
I,., iu fspriire-lMik. »>z $. J 

ComuHjiicf'iucnt ot mothor-gallerid 
with puiring-eliHmbcr [<<) un»l egg. 
recess*^ (/•) 



Jthifch ia thus distributed over the various stages : egg, 1$ idj 
3 weeks ; larva, 2 weeks ; pupa, 8 weeks ; and imago, 8| to 4 
•weeks. When circumstances are very favourable they can; 



Mar. 101,— Burrows of T. typography L , in 
spruce-bark. {Katural sizt.) 
t Pdnug-chamber (with entrance-bole), 

> Mother-galleries (vertical and forked), 

> Larvul-gaUeriea (widening outwards). 


reach maturity in 6 or! 
8 weeks, but in very 
unfavourable circum- 
stances, damp cold 
weather, or in shady 
places, 12 to 18 weeks 
are required. 

The generation is 
therefore either single 
or double, but in moun- 
tainous regions, such as 
the Thuringian forest 
and the Erzgebirge, 
a double generation is 
much rarer than in thh 
plains. 

In rare cases where 
there is abundance of 
food and a very large* 
swarm of beetles a 
three-fold generation 
has been observed. 

This dangerous pest 
has fortunately been 
very rarely observed in 
Britain, and has never 
yet been * recorded as a 
destructive insect. , Ob- 
servations on the dura*; 
tion of its generation it)t 


i|his climate are therefore wanting, but it is probably an annual 
one. As other insects, such as Xyleborm dispar? Hellw., which 

$ r ' ,v 4 

ilVW on Kujawa often found in pieces of bam 10 can, long and broad, as many; 

1,000 pairs of beetles attacking one tree in the span* 

* ' .-mmiaVUm rvf HmrlnMnw a* ,W»vv as fiftA Hv thfl fUltumn. 



may oecuT unexpectedly m Mna*| 

UHHm prove destractive, it is desirable that the forester < 



of T. ujwraph*., t, » V-**** '> 

rim**- ^urvrf-rdw™. 


iittjorleS from time to time iu the 
^ruee-timber. • 3 

^Bark-beetles are generally slow and lazy insects, which only 
*n very warm weather will fly to the top of trees. A flight o$ 
them to remote places is therefore a rare* occurrence, due t<| 
over rapid multiplication and want of food. 


c. Relations 1b the Forest . 


'jpie beetle, both as a larva and as a perfect insect, does! 
physiological damage to conifers. 

It chiefly attacks old spruce trees, generally those between.' 
€0 to 100 years old, and very seldom when under 50 years.' 
-It is said to have been found quite exceptionally on larch and' 
Scots pine and on the Cembran pine. Even if, in these! 
eases, it lias not been confused with the extremely similar; 
I species T. amitmns , Eichh., on the larch, and T, centime/ 
Heer, it must be admitted that T /typography only appears in 
swarms in spruce woods, and only attacks trees with thick bark, 
The injuries are confined to the bast-layer, and are fatal *to 
the trees which are attacked. 

: The resulting disease is called spruce-canker. Symptoms 
of the attack are— yellow or red discoloration of the needles,; 
V e yfl eBS » loosening or falling off of the bark, numerous bore-i 
; holes through its substance, and the presence on the trunk of* 
Wing-powder ejected from the burrows. - * 


V Trees infested in the Bpring appear differently affected tol 
Vthose injured in the summer. The needles change colour; 
^rapidly in the former case ; in the latter the needles remain; 
Steen, even whilst the bark has already partially fallen! 
’Jpfif. This depends on the difference in the movement an<§ 
composition of the sap at the different seasons of the year! 
In the spring, the ascent of water from the ground is cut*of| 
the crowns of the trees by the destruction of the baa® 
once begins to change colour. In 
..amme|£the‘ 'descant of the supply of nutritive materim 
%ves, is cut off, while the, crowns still gM 
sbe nntrhment, hence the needles remain green while tHi 
SmrtMm trees attacked in summ® 



. Tomim is 1 therefore extraordinarily destructive 

o spruceforests, and may be considered the most destruc? 
ive of all European forest insects. The beetle prefers trees 
rashly felled during the season of growth and also sickly 
landing trees, but when it appears jn large numbers, even 
ierfeetly sound trees are attacked. It avoids barked logs, and 
arely attacks stools ; it utilises only the upper layers of fire- 
wood-stacks for oviposition. Its favourite resorts are thinly 
stocked woods, and the borders of felling-areas, generally in 
sheltered, dry warm places with a southerly aspect. Its dis- 
tribution extends far north and high'on the mountains, which 
it prefers to the plains ; it is hardy and but little affected bj 
Unfavourable weather. ■- ■'& 


’ d. Protective Rules. 

; i. Spruce-trees should be grown only in suitable localities 
They should be mixed with silver-fir, and there should be early 
and frequent thinnings. . /■ 

ii. The woods should be inspected every May, and&ll sickly; 
$6ees should be removed. , * 

r f iii. All rules applicable to the locality for protection again$ 
/ windfall, snowbreak, etc., should be observed, as all broken 
y wood affords good breeding material for bark beetles. 
y iv. All broken wood should be speedily barked and worked 
.ij up, including semi-erect trees the roots of which have been 
^loosened by the wind. In this operation standing trees should 
|,be injured as little as possible. | 

£ ,v. Damage by game, especially peeling, should be guarded 
gainst. ' 'jj 

£,vL Extensive clear-cutting areas should be avoided, and the 
tllllmg areas should be cleared at soon as possible. Above allj 
-■ythe woods should be kept clean, - , 

Small felling-areas as are usual in the Thuringian form 
Should be adopted, in contra-distinction to the large felling 
4reas in the Harz, where the insect has been notoriously 




e krvae, which may have developed in the logs mayfe 
^stroyed. Barking in May is also cheaper than in- wihtef 
3 the work is easier and the days longer. All large fuel logi 
aphid be split so that their bark may be limited to' narrow 
trips. They should "be stacked with the bark downward a 
stools remaining in the ground should also be barked. 

" via. Trap-trees should be prepared for felling (see e , i.). 

; ix. All enemies. of bark-beetles should be preserved. Tom 
Ha, golden-crested wrens and woodpeckers are most importan 
*n this respect. 'When a swarm of bark-beetles is approach"'' 1 
extinction, ichneumon-wasps appear in great numbers. 

Remedial Measures. 

;j.l. Trap-trees should be felled from March till September 
4tid should l>e barked and the bark burned as soon as th 
^rvae are full-grown. Old or somewhat dominated spruce 
^ees with small crowns should be chosen, especially when th 
jbot-stc^k has been somewhat loosened from the soil by th 
fjhi’d, as such trees are more readily attacked by the beetle! 
Ip the spring, whilst the weather is still damp, it is sufhcien 
to fell new trap-trees at intervals of from 5 to 6 weeks, but h 
summer this should be done at least once a month. The loca 
^night-periods should be followed in this respect, and from 8 1 
i}4 days before trap- trees are barked fresh ones should be felled 
In order to facilitate control' the trap-trees should b 
^timbered, and a register kept up to record the development c 
4he beetles; Coghp reckons 5 trap-trees for 100 paces alopi 
-^ boundaries of the felling areas. 

■~T; Eatzeburg recommends that the trap-trees should not b 
|ej>rived of their branches, sfrid that they should be placed d 
*^mps or stones, so that the beetle^ may bore in from bete 
; |\well as from above. Most authors agrea^ith this advidf 
g|| , ischbach recommends the lopping ofJBfe branches, | 

the sooner, and he J^pnaintains the 
’ b. £ -beetles only attack lopped trees, which is contrail 
v %ess recommends that the branches be left, bdl 
Jjf of the cost of lopping, and because numbers r 



It latest as soon as pupation of $p| 
L has occurred, and all the bark must be burned. . J 
If the barking be longer deferred, some of the beetles will 

SSk *»« too earl, too t,.p ; t,«« to| 

inuired, or the beetles will, oviposit m -standing trees. 

The bark must be carefully removed- over cloths, and t 

£u to to~ <• to** “ ** b "' t “ 

*lt iT wot* sufficient toespose-tbe bark to the offooU of the 
L, may kill larvae .bleb «« “-lly eipoeed, hot in he 
t'ol th&k l»,k many w* totob +*( 

Sk totrf 

™ “f t.™ 10 . ',“3» SS.** Mid 

jleamg ember., »a^t»M . y ,. ig , ,b„„ld .1. 

-ai» “1 ”‘ 1 L 

oe yumcu, U, J ® . 1 a3 'I', cludcoijraplm, h 

tmt. dangerous bark-beetles, suon 

Attacked should be felled and barked m June, and the bar| 
attacked must he felled, the large g recently 

§*— » ini 

ft? es, -s 

jfsoneMails may be gi™ el .the “ J* J” S 

IStimgw- The beetles were oeoaeionally Bo numerous a^ 

^secure the son, At*o«W«e »’• »» '«*! 

-$>' Mcoamwt, I., T. pityogvaphm, Btzb., I. «#W 
S& l5J*L, Wfl. etc. In the »u range WOj 
l^en^rd engaged to fell and 

Ifeur was insufficient, Bohemians and Italians were m 


b 



i^Wi^Slm^tkn forest, tW “damage done ' was "e^tTotj^I 
scale ; between 1872 and 1874, on 9,012 hectares (22,580 
^), 8,682,050 cm. (127,964,000 c. feet) of wood, or abou$ 
0 o. foot per acre, were felled. Thus altogether in Bohemia 
^4 Bavaria 152,500,00 c, foot of t wood was lulled by these 
**ect0. The calamity attained its maximum in 1874 and 
|dedml870. ^ 

^fitter a severe windfall in the Vosges Mountains, in February, 1 
308, tf. titptH/mphiti, L., attacked the spruce woods,* especially 
« the Communal forest of Gerard mer, where, on 250 acres, 
,216 spruce trees were killed in 1904, and were immediately 
:lled, and the bark with the larvae burned. In 1905, about 
all that number of trees were attacked, and also felled by 
'tale agency, as well as all weakly trees on the threatened 
tea. These latter and all windfalls were left lying as tree- 
raps, and were eventually infested with larvae. They were 
irefully watched, and when full of larvae were harked ^and 
~Q hark exposed to the sun. At the same time, larvae of 
'taphplinidac (llomaUum pusilhiui, Grv.), carnivorous beetles, 
Ore found jp the galleries of the bark beetles (Be Gail). ‘ i 


2. Tomkus amitiim* , Eiehh. 
a. Description. 

Irnyp) 4 to 4*5 mm. long. It greatly resembles the foregoing 
iieeies, from which it can be distinguished as follows: — Head 
without frontal tubercle; interstices be* 
tween the ely t ral striae punctured through*? 
out ; apical excavation with a silky lustre^ 
with regular rows of punctures. 

* k rjfo-hktorp, etc. 

Similar to the foregoing species, 
besides spruce the beetle attacks Sc_ T 
pine and larch more frequently that 
‘ typogwphu*, li. Its mother-galleii^ 
pp&A* are bifurcating and frequently stMm 

*’! galleries start "at an obli<p 

and run in a zigzag direction, 






Tomk,U L. (Smli 6-tooth( u 

Spnu‘c Bark-beetle). 

f‘ a * Jh'Krripfion, 4 

Beeik 2 mm. long. \ery Bliiniijg, almost glabrous either 

r ff Sh lu ' 0Wn ’ or wilh t!)e ‘borax and the base 
? b f ,W11 - ^rothorax contracted towards the 

^ “STm „* „t % l ”" ,nr “ l - * S3 

•S 'F 0 *“? 8 ‘ E *j' la wt)l bue punctured striae their inlJv 

?• imin,nctate ’ a P ical excavation narrow! 
.dWy mi’ressed its elevated sides armed with 8 teetf 
- roQ ‘ wblch are lft i*ger in the than jyh e $ . ‘1 


*&* Lifahwtonj^ 

“*>•„ *» «»uj 



i the Ifjval, papal or imago stage ; the generation is usually! 
nnnal, sometimes twice in the year. - .... .. 

i n\ chalctigraphua is much less rare m Great Britain ihaff-* 
-ityWapInw. ML is, however, local and not usually 
esembliug in this respect man?1fth«r insects tbatfcedon. tWS 
pence, .which is not an indigenous 1 tree. On the Continent $9 
Orally accompanies the two preceding species. 

c. Relations to (ho Forest, 

This bark-beetle ordinarily attacks only the spruce. It has, ; | 
.owever, occasionally been found in silver-fir, larch and Scota| 
, ine ftn d also on Weymouth, Cembran and mountain pmes. * 




“i 1C7 -Stellate galleries of Kg- JOB.- Stellate g«U«i* »f T. fhtkv^ 

'ft. I-, *ith ™ »P™» “‘I’ wu0d - " ,a “ tt V 

Z'qm-rtxwieB, itr sprues -bark. chamban (*). ' 

‘ («.,-) OUmd**) ■ ^ 

It ig very fond of interrupted pole-woods about 40 years oklj 
ii.jjrt »a M of old trees it attacks only the branches and croywp 

A‘ < s ., . . * it . 1. . ~i. «* at aw ift f.llA 1ft 


CIJ, U1U MWD *v B«VVMV»M V.. V S ( 

leaving the destruction of the bast of the stem to w^rpac* 
jweeies. Exceptionally it may be fomid in 9 
Ibruee thickets which have been attacked by fungi {Aeew$j£ 
’■irttnuim, Alb. et Schw.). 

f Ihe breeding-galleries are of characteristic stellate lorn . 
Consisting of 4 to 7 slightly curved arms, which run train# 
Indy rather jhan longitudinally, 


. f rom each side of these extend the larval galleries* 

^lebrun principally in the bast, marking the sap wood less' 

|fp protective rules are the same as for T. typography 

- try . ‘ / ''&* 

4% Imnicu$ stenograph HH t Duffc. 

-**, - it. JMsmplion. 

'-^Beetle 6 to 8 min. long. The Ik 'jest species of Tomick 
|ia»gafce, cylindrical, shining, with long pubescence* browia,? 
ijrith yellowish-brown antennae and legs. Prothorax longer , 
^lan broad,' sparsely and moderately deeply punctured behind ! 
-he middle, with a wide, smooth median line. Elytra with, 
?rong punctured striae, apical excavation deep, its elevated 
Margins furnished with 6 teeth on each elytron, of which the 
$ upper ones, arc small, and ihe 4th is the largest. 

A. Life-history, 

Seaton of flight ; usually somewhat later than for T. typo- 
graph us. It iH found in May and again in August ;md 
September. 

It selects for oviposition large Scots pines with thick bark, 
and generally fallen or freshly-felled trees, windfalls and stacks, 
of firewood ; rarely standing trees. The development resembles 
•hat of T. typographic, 

l^The larvae are found in Tune and July ; the pupae in July 
^4 August ; the newly emerged beetles in August and Sep- ,; 

The latter forthwith pair, and a new brood com- ! 
)nce», The insect hibernates under bark as an imago (M 
£ first or second brood. 

4^®ration either annual or twice in the year. 


^ „ r. Ilehtions ia tie Fmsi, 

;Bcotfi P*ne» and prefers- old tree* 
® ^ also ;been observed on black ai| 
very rarely on spruce. In the absence $ 
J: w^odsit has here and there attacked poles 20 to 30yea& 
on the b&st, and resembles that of T\ 



numerous larval galleries coalesce^ 
^hhl ease the brood live together and completely under ^ 
Sune tp bark. This beetle is more frequent in the plain* 
?tban In the mountains, and may be considered rare. In- 
Britain it has been found about as often as T. typofiraphm, Bg 
She protective measures are the same as for that insect. 



4/ i */i 

Fig, 10U. — T. tiamjMphuHi Dufi, Fig. 110, — T. U>> n <••», Ful*r. 

5. To uric 118 lands, Fabr. 
a, Jtesrriptim. 

Beetle 3*5 to 4 mm. long, of cylindrical shape, dark brown* 
shining, thinly haired, with antennae and logs ferruginous. 
Thorax scarcely longer than broad, its posterior half sparsely* 
punctured, with a less distinct median impunctate line. Elytra^ 
with regular punctured striae, the interstices with single row! 
of fine points, apical excavation almost circular, deep, it| 
elevated margin with from 8 to 6 short blunt teeth, and *u| 
accessory tooth oh the inner side of the 2nd and 3rd teeth.. 


b. Lifoki&imj, 

’* A|ara and Jjfjp ; a second * Jirohct i 

and August # Vr ’" 

^Ibe, eggs are laid in the bark of various conifers, Sfc 
Injured by a forest fire, or felled trees, are selected in preferemS 

t |or egg-laying. # J 

Larvae appear in June, and those of the second brood | 
v ' or September. Pupation takes place in the ba^ * 



rtoatunty ana „ 

10 Uctober - . The *■««■ hibernate under the fcrw 
*:• r!® 80ne«titm is therefore double, and may be thrlefoldl 
|«rtb«m France. The beetle is found almost throughou 
aBd is com mon in moat places. In Britain it is 
t-.vjta ... ' perhaps, the least rare specie 

.of the genus, if Tomtom biden 
tatua, Hbsi, be excepted. 


r. Jirlulmx to the. Forest. 
The beetle does not by pre- 
ference attack the larch, but 
is found on all conifers, par- 
ticularly on the Scots pine, 
and then on the spruce, rarely 
on larch or silver-fir. it attacks 
poles and mature trees, and 
exceptionally young growth. 

Jhe mother - galleries and 
larval chambers are in the bast.' 
The former are generally ver- 
tical, slightly curved or bent at 
an angle at either end, with 
2 to 4 air-holes (Fig. 105) ; the 
larvae eat together in 'regular 
family chambers, so that special ■: 
larval- galleaflfco not exist ‘ 
% (Fig. 105, 

" 8 , Hid 10 gnaw y° un 8 Piants (1^ pine), near 
JoUnln. but this statement* requires confirma*;™. 



> HL^Iforrow* of r. lands, 
io Scots pine bank, (Xatttral 

Motlior gallery with 

idtrvae ioodibg in fumiiv chamber. 


ft, Proltdm IMts/ 



msma. 


These should be examined mlvim, ^ 
"hose containing larvae should be burned. , 

'l iiL All young plants which may be attached and which may 
|>e recognised by the reddening of the needles, should be pulled 
djp in June and burned. 

0. Tomkm (Pity ay sues) bidentntus , Horbst. 
a, Tksmption. 

Bettis 2 to 8 mm. long; pitchy-black, somewhat shining, 
with fine hairs; antennae and legs ferruginous. Thorn x con* 



Fit's, 112 anti 113. — Toinuit* hu1ntftita* y 

stricted in front, and rather deeply punctate behind, with 4, 
Smooth median elevated line. Elytra with rows of punctures^ 
Impressed towards the sides only, apical excavation somewhat 
Seep in the $ , with a single strong hooked tooth on each 
^ide*Jn the $ the declivity is impressed on either side, of the 
and the teeth are reduped to inconspicuous tubercles * % 

. J .'i 

k Life-history. 

layrb|£, eggs in Hay and June l^^ts pine woodl 
ypung plants, poles, branches, and bh s |6fmie on fclltlS 
4eas. The pairing chamber is often famished with shoM 
Syolongations which are breeding galleries commence^^ 






^ ~. w , . 4|p^ tn June and July ; the secoria bVooal 
jgtuti&tu) September, : 

PupaUm; in July and August, in the bast or sapwood ; th 
second brood, which hibernate as larval- 
pupate in the following May. 

Flight-period : in August. The secom 
brood is mature by June of the following 
year, and is followed by a third brood hi 
the autumn which winter in the beetli 
stage. * ■ 

The generation thus extends ovei 
1| years. The beetle frequently appear) 
in company with T. laricri, Fabr., anc 
is widely distributed, ft is common ir 
conifer forests in Britain. 




r. Relations to the Forest 


The common Scots pine is the chiel 
tree attacked by this bark-beetle. I< 
has, however, been also found in the 
Weymouth, cluster and mountain pines, 
and B;%arfcig has noticed it on the 
spruce. It prefers the plants of 6 to 
12* year -old cultivations, and only 
attacks the brandies and twigs of older 
trees, where the bark is thin. As, how- 
ever, it attacks branches which are 
thoroughly sound, the crowns of trees 
are considerably thinned out by tbii 
beetle, especially when other 1>arl^ 
beetles and longieora beetles join fa 

&&m<k ✓ 

^ The .hast aM sapwood ana 
attacked. The irragufarly sL.^ 
WJv , _,,p, ■; "pother - galleries , are ''generally; % rj 
• The branches of these gai&rilL 
| rather than homontally, and have j 
a ® the /;*ag|g ehtohers ara^geValf 



uidifitffcfitlBparaely distribute; com sums u. »«***— 

JBS55 »«» -»-* •-**- ”**"* "S 

1time a r$ mots parked in the bast, $ 

: This beetle bodily attacks woods which have suffered 
JJ fire. Trees which have been severely attacked maybe 
pgnised by the yellowish, colour of their crowns. 

4. protective Buh< 

" As for T. Uricti, L.; but trap-trees are useless. Ins j e »l 
n{ theM branches may be used as traps, winch should bej 
burn*! as soon as they are stocked with 
by fresh ones every 4 to § weeks until the autmnu. Jo » 
Jen to be attacked by larvae should be immediately felled an| 
barked, af < the bark burned. 

7. Tomicm anrninam, Gylh 

Beetle yto 4 mm. long ; brown, with yellow-grey puboseencf>| 
Elvtra regularly punctate-striate, the excavation ciici ar,? 
Sm nat a" the a ex of the suture, its elevated margin w^ 
“ on either side, the first a small tubercle, the last th* 
largest, and situate about the middle of the maigm. 

Life- history, ok, 

This species chiefly infests the crown of full-grown or m 
Scots fee. The mother-galleries consist of 8 to 5 branchy 
radiating from a spacious pairing-chamber and 8™™°^ 
aapwood rather deeply when excavated in tlun bark. Jb* 
larval galleries ave twisted, frequently coming m o con . 
even crossing, but as a rule scarcely -arkingthesapwood.^ 
?. The species, though not very common in Europe is n| 
rare in Scotland and tbe north of England and must be «| 
1 as one of our injurious speeies. Its attacks t^ust 
l on the same lines as those of other species of 

8. Tomime lineatus, unv. 

. ’ a. Description- . 

Beetle 8 to 4 mm. long, short and 
^hder part of the thorax And the elytrayefiowisb bro*i 



Waiter with in™ 6 bla0K f •_ n « w hieh‘the middlif 
Middle and alflig the outer m ® with rowso| 

$ is not always cotn^ti y ^ nor too thed| 

-ge punctures; apical decln 5 without trace of 

letnial club flattened oval, blunt at apex, 

tares. \- 

l. Life-history- ' 

>*'• **" w or broken trunk., A 

deal *of care is shown in the selection of 
breeding places, and the material must 

be neither too fresh «or too dry 1M 

beetle rarely bores into cleanly barked. 

stems, and is only rarely found «i stand- 
ing healthy trees. 'Ihe ? boies 
Ju, mto the tree for an inch or mo e, 
.«.r».r.b r l 

at the end of her tunnel, usually at 
right-angles to the entrance burrow^ 

'^lOildary and primary galleries. _ ° ,, 

gg&jShil 



ite. m.-T. «#«"<», 

«:'■ ... 1)11*. 



•^^Sfenri^nS,' wtee it" It* not as &\. &gg !& 
injurious. 

e, Rehtions to th» Forest. 

The beetle attacks all conifers, but chiefly the silver- fir anfli 
spruce, and only large' trees. The round-bored gallery penej 
iitttea at right angles to the axis of the tree. It consists ol| 



xffig.' 116. — Transverse sec- 
i/ tion of a sprucfrstam (»*- 
faced) with burrows of 
|jf T. Ufmittn, Oliv. (Natural 



Fig. 117.— Radial burrows;. 
f, Unmtiu, Oliv,, in *“ 
wood. {Natural #«*•) 
a Mother galleries, 
b Larval galleries and pd] 
chambers. 

JSntrftnce-gaueiwo- , y 

■ ••? ‘A "Rf^eding-gctUeties. 

and breeding-gallery. The latter iSeitg 
^ 6 «af » prolongation of the former, or is usually «»>P^ 

dSSSES^SSw*'*^ 

l&SMiaitkmt M it The «“*«““« i 
Iflfined Wthe Bapwood. The larvae on « 

Is sap df the wopdi ' ahd by gnawing i 
‘^hiBete tobbort cyr 1 ““ t ‘ m ^ 




— a EV . ,„ ^ aW and on the partKiong.ly# 

7J^[(M<imU<i Candida ) appeal-, which are also a ®y oure ?| 
pi/ as was formerly supposed, because they are the chief foocjy. 
; the larvae, but to dear the way for the larvae. 

; Later on, the walls of the galleries and the adjoining wv^j 
■sooine black owing to fungoid growth. " * ■ l 

The beetles damage the commercial value of the wood, tbg* 
meat stems being frequently bbred like a siqVe, and render^ 
iseless for most purposes. The insect is most frequently- 
"ound in forests where much wood is broken by wind or snoW,i! 
md where there are winter-fellings. 


d. Protective Rules. , 

i. Immediate removal of all sickly coniferous trees an| 
4 broken wood and stumps from the forest. The latteh 
.should at loast bo barked, if their timely removal is hot; 
dvisable. < '* 

^ ii. Felling in the growing season, and immediate removal; 

the bark. 4 ' : 

,>;It may happen, when the* beetle is in great numbers, that 
Marked trees may he attacked. If winter-felling cannot be 
avoided, and barking ife. impossible, the wood Bhould be 
removed before March. 


*. Remedial Measures. 

|‘i. Tree-traps may be felled in July and August to attract 
beetles about to lay. These trees must he barked and spill 
%eh to destroy the lame, and fresh tree-traps provided 
i^t&msUy till October* /■' ^ 

“^ ; ? : |Jlrewood may.be used as traps, .natustibe-'Tdthc^ 
forest before the beetles come out. 


^ Tomicm d<ntoe*tku? r L* 







blunt' 

iiiUBt* sido of tbo Up6X* .;l| 

?" .' '^V- ’ ■ . , • '•” ' 'S'f 

? ' . , ' , P«JJ 

,£ ". \ /'• CA-! - ;' fa Life-history, eh\ . , , 

P gj m ii a r to that of T. Unealut ; lmt less important on accouil 
of its breeding chiefly in stumps and windfalls. It attacks m>i 
Conifers but broadleaved trees, . ^ ^ ? 

'branch as a rule, but run verti- 
cally into the wood for two or Sp^ly - 

not uncommon in large wood- 

-lands in Britain. ^ If it injures s|j 

# material containing the ^ „*._| WW #JH ti T. 

; insects ; spring felling is Um, L, in beech -wood 

l desirable. _ ■ . ' i '' . \ ■ , 4 

> , T. gusrevs, Eichh., is still '* , 

imore Hke TJineam, Oliv., in appearance, but is distinguish! 
- w having the antennal club angulale at the apex, : a«| 
fkf donmtieu$ r In habits it resembles the latter species,^ 
:.j g much less common in Britain, being almost entirely confix 
; to the neighbourhood of Sherwood Forest. 


Fi«j, 1,18.— Radial gulh rit* of T. ■ 
iv‘Ms Ij-i in bocch-wood 
, {Katitral »tee.) 

‘4 


10 f Tomkiii (Uspar, Fabr, 

■ a. Description, 

t&tetk'Si **&:***' Pitch-bkck, the antem? 

mS kga teataciBOoe-red. .3 abort, and v<( 

thorax granukr in 

h« base,?wiiii a epootli median line. Th#,^§dmdn(»l f _ffl 
h rirs T ’ In feont stronglv asperate. , Elytra- fltrbngly arched* 
■ of ^P punctures, and rafjg 



k Lift-history* , - w , , , 

is in May. The 9 bates into several; 
$$»;' o! broadleaved trees to lay her eggs, in preferene| 
« 0 W a branch, but never near the ground, attacking felleft^ 
:od and young standing trees. * 
tThft larvae appear in June, pupate in July in the secondary 
Series, and the beetles emerge in August. They hibernate, 
; tlie galleries, and there is only one generation. This beetle 
ot everywhere common on the Continent, and till recently was 
igarded as one of the rarest British insects. But since 1891 
-. has been destructive in certain Gloucestershire fruit-orchards. 



J 9 

Of, ’ ■ ”/l 

Figft. 119 and 120, -T, diupttr, Fnlir. 


, * c. Halation* to tha Forest 

|p*k and fruit-trees, especially apple and pear, are chiefly 
.ftteo' beech, hornbeam, birch, maple, a#h> ?Wer, 
*^0 chestnut and plane. ; , , 1 ,• i y\ 

" 38 ^% tees a vertical entrance-gallery into the tree, like 
’Which enter the wood deeply, from .which ah<e 
; cf more transverse secondary galleries along ths 

te of the annual rings; from these mgain are cofc 
^;-|j^d-gall€ries > " 'which : kigitndhif^l 

galleries) are bored $ Abe «|1| 



become 
may * 


whitish bore-dust heaped % , J 
ujp at the foot o! the plant. 

& /'The beetle is very destructive in orchards, 
and sometimes to young oak-saplings. 

tl Protective' Hulas, 

i Unbarked orchard-props should not be • 
(used, as it frequently happens that the 
^beetle finds its way from such props into 
; the fruit-trees. 

a. Remedial Measures. I 

, i. The entrance-holes to the burrows 
should be smeared with tar. 

ii. All plants which have been attacked 
should be removed and burned. 

(ijjfciii. The beetles may be .killed inside the 
galleries with wire, and the bores blocked up 
^by wooden pegs. This method of treatment 
(is generally impracticable, but has been 
:) adopted with success in orchards. 


B. Subfamily Hylesinini, 
v , ^ Description of Subfamily, 

f ^^^^ominent and not concealed by the 
,;-pfotbbrix, with a short and broad rostrum ; 
^antennae with a funiculus of 5 to 7 joints; 
(Iborax narrowed in front, uniformly punc- 
on the jback ; first tarsal joint much 
three together, the 

^’bOobed of 


Fig. 1^1,— Btnto^ 
of T. (UajHtr, Fiib|| 
in au oak'«n.plinii 
{Natural she.) 1 
a Entrance - bofi£ 
usually im&er j 
twig. . 'X | 
b Motlier-gaHervfe*; g 
e (Commencement ^e| 
lateral galleria*,, ^ 
^ _ d Completed lateri$ 

■^■dpdwmphfypnbwent, ' : v ; 

^a^^'ConvejJ.and without teeth; under- . y. , m 
" ?^laee of jhdpmen not abruptly , faed upwards, • • -rM 

..-I: \fnsii fir***** ^^ in thq bast and especially frequen^ 


. ! .L Hyltwtc* paUiatm, Gyll 
v * i , ' a> fJdkripUosu 

ficelle 8 to 4 mm, long, of stout build; thorax ahd elyfc 
^dish-brown and covered with fine .grey hairs;, the fornwp 
oader than long, strongly constricted in front, densely ana* 
,arsely punctured with a narrow median ridge. Elytra with. 
4her fine punctured striae, the interstices rugose, tuberculate^ 
-4d with a series of short hairs. ; 

V L Jj/e-fwlory. 

.'The flight-season is at the end of March and April. 

[ Coniferous wood in logs, or stacks of fuel, chiefly. when 
damp and lying in shady places, are 
selected to receive the eggs. 

The newly disclosed beetles appear 
from April or May until July; they at 
1 once pair and produce, a new brood, and 
1 in July new breeding galleries are fou|| 
amongst the larvae and pupae of the 
old brood. 

The second brood of beetles appears 
from the beginning of October, and 
hibernates in cracks of the bark; 
moss, etc. There are two generations 
and the species is common, and widely 
distributed both in Britain and on the Continent. 

e, PMi&Mto the FomUete, ‘‘V*;' 

beetle attacks all conifers; but chiefly spruce, ai*i 
.Scots pine, sifter-fir and larch exceptionally ; p); 
Sieged and old wood; they also, bo* as larva^ndbe^ 

aiid’ irregular, oftm 






$%8,B3 and U4,— Barrows of JI. GyU., in spmco bark. 

^ vf ’ .’ ' ’ {Xttonl &*) ' > 

where no lame bate been produced, - / • 




closely and deeply puncturetl, tlWBiO 
, Elytra deeply punctate-striate, wlu 
-rlnkled and somewhat tuberculate interstices. * $ 

, b, ijfe’lmiory, „ \ 

’ species anu II. opacus, Er., have a similar biologies 
history, which is as follows They fly in* March, April am 
ifay.^Eggs are laid in stumps and roots of the Scots pine 
preference in those of trees ‘felled in the previous year ; btf 
•Si the case of 71. aler, eggs are sometimes laid in young pirn 
transplants. * ■ 

£ The larvae appear in April, and the mother and larva 
galleries then form a confused pattern. 
f The newly hatched beetles may first be seen in June, am 
according to Eichhoff they may produce a fresh brood, whicl 
tomes out in October or November. The imagos hibernate ii 
Humps or in plants which they have injured. 
p The generation is annual or double, or it may be biennia 
Recording to various observers *, it requires further elucidation 


— Soilt median ridge. 


r. Wl/ifims to the Fonst. 


Tins beetle is only hurtful in the imago stage ; before th< 
middle of June they begin to wander from their breeding 
Jaces to the neighbouring plantations and eat the bark o; 

to G-year-old Scots and Austrian pine, and of other speciei 
i pine, especially at the cotlum and on the roots. < Th< 
oodles of the plants which have been attacked turn yellov 
ml fall off ; the plants die, or become so loose in the soil tha 
*,ey can be easily pulled up. II. aUr is common in Britain; 
-'A its ally 77. opaem, Er., is nearly as frequent. The latter 
is also recorded from elm and ash. 


$ jpfditffon 

and thorough removal of s&miips and root* 
or thickly smearing 

' i .. ... '--v *' 



t - ,, V| , 4 , BeMedutt ' 

i. ‘Burying' trap-logs, or laying oat bark-traps •*-*««* 

■yhbim abuth, Fabr., page 225. lmrnin .' 

ii. Digging up aU attacked plants with a spade, and Mining. 

lam in kilns -with the roots inwards. 

8. Mydophitm jiiniperdn, L. (.Pine-beetle). 

^ * a. jtmrijitioiu 

Beetle 4 to 5 mm. long; head and UHn^ix Wack. el^na 
lackish or dark brown ; ‘ antennae and tarsi rus y 



12**». — Myelopkihtu p'niipndu, L. . 

<{ Imago, h J.arvu. e l*upa. 


^longer than its width at the base and toeing in iron! 
-Bhitting, with scattered deep punctures, obsolete towr&tb 

jsssysr : **. ■*- 

^counting from the suture), which is —seed. 


^fhej^twlt' iWend oi Mareh^ April, and al«) in 
filer ^teS»Be<AK»mstances, again in Juneand July. T) 
to t$d »»idfc ^ •'.«*> ovw. are laid jmilarly 

4 EL s&Sp** » WHiCS f w i 



^ oa the trees. The $ prefers dying or felled timW M|| 
-vUgh hark, windfalls, stumps and broken trees. On standing 
;-ees the. lower coarse-barked portion of the stem is selected*; 
~;%the brood -galleries are entirely limited to the bark. If no 
ifd wood is to be found, the beetle attacks young poles. 

The larvae batch in April or May, in about 12 to 20 days 
after the eggs have been laid; they pupate in June or tho; 
beginning of July. ( 1 

i The beetles appear at the end of June and in July. Some 
later ones may emerge in August. The beetles which develop' 
early, in June in mild localities, produce a second brood, which 
is ready by the end of August, and attacks the terminal shoots 
of the tree and branches ; those which come out later do not 
pair but at once commence their destructive work" in the 
drowns of the trees. Thus the whole development of the 
beetle may last from <10 days under very favourable eircum- 
Tb&nces^ to 80 days. In order to hibernate, the beetle bores 
hto the rootstock or roots of standing trees, sometimes into 
;tumpfl, often into the thick bark at the lower part of the 
rank. 

v The (feneration is either single or double. The insect is very 
•umerotfs, and widely distributed ; it is common in almost 
•very pinewood* throughout Britain. 


* 

< . Halations lo the Forest. • 

The beetle generally attacks the Scots* pine, but also the 
7ey mouth and cluster pines and other species of pines. It 
m also been frequently observed on the spruce,; rarely on 



ite, and may 

marked fey 

>cted wood- 
wder or by'* 


4ryae oat out 
Secondary gal- 
juries in the 
jba&fc, which 
branch out at 
right angles to 
the primary gal- 
lery, soon fee- 


irregular and 
confluent. They 
bnly graze the 
ttfimvood. The 
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mature wuca 
are emfeedded in 
the hark, near 
its outer surface. 
p; The second 
;pnd most serious 
lonn of damage 
Ib done to the 




'■(SiSik ' _ jn 

-'w > tl 

a*""*. ' . ft T 

: li 


=0. X % 

" ^ j 

i 


to*®®® 


ffhs newly -dis- 
closed . beetles . 
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Fig, 127.— Vinc-buik with churu- 
l«-is («), j)ui.ue(^) ti ini iruiigoH [a) 
M . puupmht, I;. 

(Xrifurttl xizc.) 



la "t in. ' from their extremifW bhlbtfS 
especially those of sickly or o$| 
trees, in preference on sunn$ 
borders of woods; they eat ou| 
a burrow about an inch iong| 
working upwards to the budsJ 
The entrance - holes into tbe^ 
shoots are surrounded by aj 
whitish ring of resin. The beetle 
leaves the hollowed -out shook 
either by the original bore-hole; 
or by a fresh hole made at the' 
end of the burrow, and recom-^ 
m ences his destructive work in 
another shoot. In these galleries 
excrement is never found, and 
thus the action of M.piniperda, L., 
may he distinguished from that 
of Tortrir hiwlitma, Sehiff,, the 
caterpillar of which also bores out 
Scots pine shoots, hut always, 
leaves excrement in the borings.; 
Weak side-shoots which have been 
bored break off generally at the 
bore-hole, and fall to the ground. 
Stronger shoots from the crown': 
develop the suppressed buds be- 
tween the pairs of needles, widely 
with favourable spring - weather- 
grow into short needles, and give;; 
the shoots a bushy appearance,! 
The height, growth and develpp^ 
menk-oi t|e erown are thug 
id the i 
5 Mteri^l 




: , reduced gi'eatlyimpake thesucceejl 
natural, regeneration of ScoM 



IhttM' stotta. ■ ' 9mmta _ two; 

titles are found in the same twig, and some beetles lnher-, 
l ^te in them, but this is probably a rare occurrence. Owing 
j the loss of these bored twigs, the crowns of trees, if 
epeatedly attacked by the pine-beetle, acquire a characteristic 
-ppearance which may be recognised from a.distance. they 
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' f - T '’ '' ■ ;v 

aRlheii assimilating organs, : . .- , - . 

deduction of the cover, and consequent exposure of the m ^ 
jU the cover of Scots pine woods is apt to open out even 
under favourable conditions, this form of injury is very mmm 
Exceptionally, the beetles in summer eat out irregula| 
longitudinal galleries in the first 5 to 6 years’ growth of shoot^ 
On vigorous 12- to 15-year-old Scots pines, but without laying 
any eggs. Altum* states that these galleries, which run partp 
iti the bast, partly in the sapwood, are only used to batWw 

the beetles. '\- : m 

. Lastly the beetle does damage by boring down for 2 or mor| 
inches to the sapwood of the rootstock of sound standing treef| 
in order to hibernate. If this should happen on a large scale*; 
the treeB might die, or at any rate would become sickly an<$ 
, attract more beetles hi the ensuing spring. . • J 

The pine-beetle prefers forosts in flat or undulating country 
Isolated trees, trees along the borders of woods, and those 
%hich have suffered from fire; it is also common near timber 
'f depots. Like all bark-beetles, it prefers windfalls or treei 
•partly uprooted by the wind, and sickly trees, but does nol 
" exclusively attack such trees. ^ 4 

v/' > In a pine forest on the peninsula of Dares on the Pomeraniar 
r ecast, which had been flooded with salt water on the 12th au<3 
# 18th November, 1872, and the trees thus rendered sickly, % 
■^beetle ^pealed in such enormous numbers as to completely 
^destroy 2,500 acres of the forest. k 
'm ' In the' spring of 1802, about 100 acres of pine wood, 'W&j 
burned near Caesar’s Camp, in Windsor F oresi The next m 
%i$re was a serious attack of pine-beetles, the trees that ^ 
singed by the fire having multitudes of larvae betweei 
%eir bark and wood. Wiese trees had all to be felled, wh| 
surrounding forest trees were pruned in the mos 
:||»ightly manner ly the beetles* 


d, PnteMv* ^ •'! 


■.fUi 



«« latest b ? tbe 

^ r ii j r^taoval from the wood of all valuable timber ^ ith^ 

hick bark before tlie beetles emerge. ' * 

m. Uprooting of stumps and broken trees. If for any reason , 
his is not practicable, they must at any rate be barked. | 
,iv. Pine woods injured by fire must be felled. ■ , 

v . All insect-eating mammals and birds must be protec ted| 
specially those referred to under T. typographm, L. (page 

Remedial Measures. 

* s Trap-trees should be foiled from February till September! 
so as to keep up a supply of trees which are not too dry for the 
beetles to breed in. Thick-barked trees injured by stor^, 
snow, caterpillars or tiro should be selected ; some of them 
should be barked in the middle of May and others at mtei vala 
of 4 to 6 weeks, and the hark burned m jntn. . 

ii. All standing trees containing larvae or pupae should be. 
foiled and barked and tlie bark burned. 


4. Myefophilu* minor, Hart. 
a. Description. 

• Beetle 3*8 to 4 min. long ; closely resembling the preceding 
species in appearance, but with the bristle- 
i hearing tubercles continued on the second 
^Interstice of the elytra up to its apex, 
tta the other interstices. 

■»i, Wf. '■ 


b. Lifohistory. 

4?Semnfm : .Jlkht, April and May*, abput 
«M». the preceding 

*** seleote<i 

■^dinir. bat as a ml® tifo thickly barked' jpjg, us.— jr. *«w 
- - ^stems is avoided^and the , M* 



"S'”'- -7 <’ 

acte & the sap^ood* _ „ ■ 

The beetles emerge in July and August, and generally put 
tlie following year. Those, however, wh.eh appear ea.ly, 
mially'Voduee another hrood within the year, as m the case 
-tite preceding species. 

Generation single or double. The beetle is found in com- 
W ith the former species, but is rarer, or at any rate more 



-^lised. In the British Wes it has only been found, 

-4t very rarely, in the Bee district of Scotland, but it is m. 
"%'thc much commoner ^Ljpimperda, h,, that it is probably; 
4t^ooked; 


, e, malm* to m *orw. 

chiefly attacks -ft* Scots pine, but 
feund on tie soruce. tf prefers poles, but nia; 


:4B 


IlilL VIJ1UU V BVMW0 ~ I 1 “ — 

r~ «, ^mtd on the spruce. tt p prefers poles, but nt*| 
ft/fO-year-oH trees. The. toother-galleries are 
double-anned, an4 horizontal,-: with a raftei 
fi-n/l irmrbVA the ftahtf ood deenlv £Fic* 131k 


\r b«*h its breeding caaBes is .u.u <»*— ; *?j| 

gf viniverda, as the circulation o! the sap is more endangered| 
SCTorUtal galleries. It is not therefore surpnsmg, 
Sat quite sound trees are killed by it, or at any rate become v 


8to | h ““ml galleries are short, not very numerous. aud| 
terminate in a deeply-cut pupal chamber. This beet^,unUke ; 
the preceding species, is said not to confine itsel to the borders ; 
of a pine-wood, but to be found deeper in its interior. ; 

V M. minor also bores inS the pith of young pme shoots m. 
the same way as M. piniperdo. 

d. Pi <> fadin' HhI**- 

Ah for .U. but. the trap-trees must have thin, 

smooth bark. < 


r,. llglr»Hm fmxini, Fabr. (,!<* ltark-herlle). 
a. Ikxn'ipfwn. 

lkctlc 2 to !! mm. long, short and thickset ; pitchy-brown 
or nddish, variegated with short, close- 
" lying, ashy and fuscous scales, forming a 
' : series of irregular transverse bauds on 
' the elytra, Proihorux transverse, finely 
'f, granulate ; elytra with fine but distinct 
T punctured striae ; legs piceous with the 

7 tarsi reddish, antennae ferruginous. 

fY , • 

b. Life-hixlmj. 

•Might period at the end of April and - w(| 

teginning of May. . «*• 13 *r*ft* m 

The eggs are laid on the branches and isbr ' 

items of healthy ash trees, as well as on 
lead and felled trees. The larvae hatch in May, mi develc 
in July to the perfect insects, which pass the winter mi gu ■ 

Elaass, the secend flight from fdof A^t. 
generally distributed throughput J>e British Isles. 




, c. Relations to the Forest, 

l? The beetle bores into the bast of ash-poles and treeeJ 
Constructing extremely regular, double-armed, horizontal^ 
galleries, with a short entrance-burrow (Fig. 133, #)* ^be|i 
larval galleries are short but close together, cutting deeply^ 
into the wood, and are always very regular (Fig. 138, b). TheJ 
’pupal chambers are in the wood (Fig. 133, v). The beetles eat ; 
their way out in August, making numerous perforations, soj ? 
that the bark is riddled, as if by shot. Once a tree has been j 



t’ig, 1 Burrows of Jl.fraxini, Fabr., ou ash sapwood. (Xalural size.) 
a Mother-galleri&j. b Larval galleries. c Pupal chambers. ^ 


attacked, numerous galleries are excavated in it, one over 
the other. , , 

The beetle prefers quite sound trees, according to Hess, ami 
Mils them, but Miss Ormerod says that the damage is chiefly; 

to decayed or sickly trees. This insect also attacks large* 
iah-irees standing in the open, boring down to the bast in order 
^ hibernate there* and such winter-quariers are generally; 
|&upied again in the succeeding autumn by more numerous 
^tles* so that rough, scabrous, rosette-like prominences are 
-P«^ually formed on the bark, It has occasionally been 
-Carved to attack the robinia and apple-trees, but its galleries 
^ than vertical rather than^orizontal. It may be laid dowt| 


do galleries isrbicti are normauy ngra»i«M,| 
ienjl to become vertical 


In tbe ecclesioBtical forests of Temeser Banat, in Hungary, i 
3 have since 1888 been seriously attacked by;. 
Sis beetle. By the summer of 1890, 17 per cent, of the trees.; 
'5 a total standing crop of 2,570,000 cubic feet were killed. - 

ti, E<’onm& links. :.Jj 

i Selection of suitabkipeaUties for planting asb-trocs, and ; 
Mention to such rules ofmanagement as will keep the trees 

All infested trees should l.e barked in Juno and July, and; 
ieir bark and brandies burned. s 

iii. Trees attacked may be tarred. v 

(k lli/kmas rittutu*, Fabr. ‘i 

BntU similar to //. fraxini, l-’abr„ but only 1J to 2 mm, 
unR . with a while stripe on each elytron extending from the 
boulder to the middle of the suture and enclosing a common 
>val dark patch ; it makes double-armed horizontal glories 

n the elm. 

7. Hfjlesinus crenalus, Fair. 

a. Desmplimi. 

Beetle 5 to 6 inm. long; ovate, 
blackish - brown or black, its under 
surface hairy. 

Thorax tapering in front, distinctly 
broader than long, thickly and coarsely 
punctured ; elytra broadest at the 
middle, obliquely and not strongly 
declivous behind*, with coarse punc- 
tured striae, tip|aterstices granulate 
I friid furnished with short black hairs ; 
i^hunen curved upwards towards the 
•* '■ ! ; f 

? h. LtfMtory. 

Similar to that of M. fradni; but 
je generation is said to be double. The dight-pen is 



' Vi \‘ >; 

FJgiiai— itytoiHU*, 

crenatm, Fabr. 


of April, and again in October. P^| 

'^es'place late in the spring (May and June) the generation, 

4 only single. 

f. Relations to ike FormL 

; This beetle attacks the ash almost exclusively, and pveiers 
Krge trees with fissured bark. The female makes short, 
slightly bent, generally two-armed 
gallorie#. The two arms are gene- 

-- ! riilly of xN ua11 len8th an<l inclme “ . 

Tfitjftli* H t au acute angle ; sometimes only ’ 

one is present. The larval burrows 
run at first upwards or downwards, 
/ii that is, at right angles to the 

N mother-galleries, gradually curving 

J ,; and becoming horizontal; they are 

(1 of great length, and are often 

abruptly bent on themselves once or 
Jv twice in their course. Fig. 135 

( f,ij shows the appearance of a gallery, 

|J in which boring beetles as well as 

I; larvte may be distinguished; the 

M latter so closely packed that their;, 
galleries have coalesced. It is, 
however, hardly typical of the 
im-nurrloja.^,. If the s do not lay, they 

tut, in n»ii bark, bore simple tunnels, frequently just 

iatruna-boU*. under the outermost bark, which. 

lotluir-fmUtriosi. u erally ^ au a flakes off 

teetlw cxoiivatniK g«Uiaie<H “ ® \ .. , - 

taring iwv«,-. over the point of attack. Excep- 

\ * iionaily the beetle has been found 

Lacking old oak-trees in the Russian Chersonese; the 
Series in this case may be three-armed, 

Tfle attacks of this insect may be treated as for H, fraxinu 

Q Subfamily Scolytiex. 
pmiptfyn $ Subfamily. 

contains ^ ^us, ^ 






3%* 1 35. — Burrow* of S. crpw 
■ tw> in n»h bark, 
Jirttauro-hoU*. 
lotbor-gnlU-rios. 

Mbit* excavating' gnUwtat 
i«wing larvae. 


rostrum* * Ammnnai funiculus 7* jointed, First tarsal joint; 
much shorter than the succeeding joints together, the third; 
bilobecL Elytra scarcely declivous behind. Under surface 
of abdomen , flexed upwards from the base of the second 
segment. 1 

They breed exclusively between the wood and bark of broad* 
leaved trees, and sometimes make very regular galleries, which; 
generally cut deeply into the eapwood. Pupal chambers in; 
the outer layers of the sapwood. 

1. RcolyUt* Groffrot/i, Goeze (Kbit Bark-beetle). 

a. hemiplum. 

This beetle is 4 to 5 mm. long, black, with the elytra brown £ 
antennae and legs reddish brown. Front of head and rostrum;’ 
without any carina. Thorax broader than long, punctured^ 
the punctures becoming weaker towards the middle of its; 
upper surface. Suture of the elytra depressed from the base:; 
to its middle; their interstices broad, with two or three rows; 
of punctures. Third and fourth abdominal segments in both; 
sexes with a small tubercle. J 

b. Life- Iris fort/. 

Flight at the end of May and June, and sometimes again i|| 
August. 

The eggs are laid in the bark of elms, 
by preference in sickly trees. 

The lame appear in July and the 
'beetles fly in August, and at once pro- 
ceed to pair. The larvae of the second 
brood hibernate in their borings, and 
pupate in the following spring, gene- 
rally |n the bark or less frequently in 
;the sapWood. t . 

f The beetles of this brood come out 
Jftt the end of May. The holes of exit 
'hre about the size of So. 5 shot. 

^ The generation is usually dogble on the Continent, ar 
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-^SSWk coranion Booth ** *SBROT m§ 
deration is more usual, the larvae which batch in May otjj| 
une becoming full-fed at the end of July and remaining in| 
i© tree throughout the winter* 

Vt- ' c. Relations to the Forest. v ti 

/The beetle attacks old and young elm-trees, and sometimes ■! 

Iso the ash, . ’»• 

>The mother-gallery is broad, short, ascending and vertical,^ 
bout 2*5 min. broad, and with 1 to 2 air boles. The seconds • 
jtj galleries ramify from it at right angles in a fairly regular 
manner, lie close together, are long, sometimes extending for i 
acre than 4 in., gracefully curved, and somewhat broader at: 
heir ends than the primary gallery. The pupal chambers, | 
r vhen the bark is thin are excavated partly in the sapwood. 

This beetle especially attacks elms in the neighbourhood of 
-'irge towns ; thus in IB 12, elms in Regent's Park were infested, 
Zndin 1870, many elm-trees that had been weakened by a 
posing of tho groundwater level were killed in Berlin. 

V? d. Protective Pules. '• 

As a preventive measure, elms in avenues, parks, etc., may 
^ smeared with Lein weber’s* composition. 

All stems attacked by the beetle should he felled, beginning; 
& July, and the bark burned. Trees that have been felled 
be used as^raps, and treated accordingly. 


2. Scobftm intricatns, Ratz. 

a. Description. « 

9 — 4 mm* long; black, with the elytra, antennae an& 
Jl, pitchy-red, or brown ; the former with close rows el 
Matures, the interstices narrow, closely wrinkled, the Buture 
round tbe$euteUum ; abdomen warded. '&< w, * 
mixed with l piulful of hoi water, m kept hot for 24 houftfi 
theft IKpujeted out of the tobacco and mixed with | pftilfulol 
-^Vblood, 1 part, of *kkw1 lime of cow-tog. this I# Mi 

£$',#&&& tpj ! iad stirred, «®cfr a dfty,'AOd'ii«jd after fermchtati^ lias «6t m 

^ etc,; is trimmed off the' free, ami the latter paiuted wi$ 

% til*** anccesBke days, toil a crust it .formed. whip,. to* 



: />, I Afe, -History, W. 

It lays its eggs on oaks, but otherwise resembles the elm * 
beetle in its. mode of life. It has, however, only one generation | 
In the year, " 

' It attacks several species of oak and more rarely the beech, ) 
«hd it prefers young stems and branches 
Jo older parts of trees. 

• The beetle bores a simple gallery; the 
larval galleries, 80 to 40, run partly up- 
wards and partly downwards, and are long 
: and narrow. The pupal chambers groove 
Tihe sapwood superficially. The beetles 
> t attack perfectly healthy oak saplings and 
kill them. 

In the Bois de Vincennes, several years 

; ; ago, about 50,000 80-year-old oaks were 

..killed by this beetle, which breeds freely i&7.— 

■ , , . . , , , iii infriotfus. Katz, 

m oak-posts which have not been barked, 

$ and are used for fences. 

p' Care in the management of plantations of saplings, anc 
' avoidance of unbarked wood in palings, are the chief protecta 
^measures available. 

p - Two other species of Scolytus, 8. pruni, Kalis., and S. rugu 
Katz., the latter a very small . species, are especially 
^attached to fruit-trees, plum and apple. Both are locally 
^common in England, and sometimes injurious, but they m 
|| not important to the forester. 

f auilv VIII.— Cerambycid* (Lokoicohn Beetles)* 

' Description of Family ; 

Longicorn beetles are elongate, and generally of large o 
moderate size, with a cylindrical thorax, often spined at th 
tides j elytra somewhat depressed, wider at the shoulders lha) 
the thorax, and tapering behind. 

v; Antennae filiform or setaceous, rarely serrate, and alway 
becoming thinner at the ends, Usually very long, with U 0 
|aote joints, the second joint always the shortest. ' . ; 

" Legs slender and long. ’Tarsi four* jointed, the three basa 




xwth 6 segments. Generation usulfty 
ifirae soft, white or yellow, usually cylindrical, rarely some^ 
vhat flattened, with projecting broad thoracic, segments, of 
..hich the first at least is furnished above with a horny plate,: 
,'heir feet consist of six minute tubercles, or are entirely 

V Pupae fusiform, and recognisable by tbe long horns bent 
down in a curve from the head. 

, f Flight-holes transversely oval. 

The larvae generally live under bark and in wood, hut 
usually only in broken trees or in stumps ; a few species are 
found in beams of houses. Their attack is of a secondary 
'nature, as they bore into trees killed by bark-beetles and othei 
insects, but on account of the large size of their galleries, and 
the quantity of boring dust which exudes, it easily attracts 

■attention. ( 

l * On sunny days the beetles may be found on flowers, shrubs, 
felled trees ; the females do not make mother-galleries. 

Longicorn beetles arc rare as a rule in tho British Isles, and 
'!most of the species found are small and of little or no economic 
^importance. In tropical countries they play an important part, 
fk the destruction of fallen and decaying timber. 


.. Sapcrda carcharw , L. (The Large Poplar Longicorn.) 

‘ a. Description. 

Beetle 23 to 30 mm. 
long, grey or brownish 
yellow, dotted with 
many shining black 
points. Thorax short 
and cylindrical. Elytra 
with the shoulder! 
prominent, narrowed 
posteriorly and blunts^ 
spined at the apes 
Larva extending up h 
36 mm. in length, with 
out legs, cylindrical 
[, white, .with the mandibles an* g&ggj&ljg 
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jrowh, the latter ori fiie dorsal surface of segments ijl 
aid the ventral surface of segments 2—10. 

b. Lifr'hkfmj, 

Seami for flight: June and July. 

The eggs are laid in June in crevices in the hark of poplart 
especially near the ground. 

The larvae emerge in July and 
August, and live and hibernate in the 
wood, pupating in May of the 3rd year. 

The pupae lie head downwards in 
a chamber blocked with a plug of 
wood-dust. 

The images emerge in June of the 
third year. 

Generation biennial. The insect is 
rather common in a few parts of 
Great Britain, chiefly in the Eastern 
Counties, 

s ' 1 

r. Relation * to the Fomf. 

The larvae bore into young, healthy 
poplars, and also into willows ; aspen 
and black poplar up to 20 years old 
are specially attacked. Seedling-trees ^'i IS9, “ ! f rv ^ ^ n ‘°’ 
.are liable as a rule to be attacked the stem of a young popl» 

from their 5th year, and suckers from (aWw/ me.) 
the 3rd year. 4 H^ofboringdwt. “ 

; Tim larvae make vertical galleries, 
which reach the centre of the tree : these become gradual!; 
tilled with wood-dust, which is forced out of the tree by th 
rgrubs, through a bore-hole, and becomes heaped up at th 
lihase of the plants. The stem is attacked near the ground! 
fhftd reacts by developing a large irregular swelling, the hart 
3$f Which is fissured. Such perforated saplings are easily] 
l^roken by the wind* This insect is chiefly of importance 
Inhere ppplars are grown on a large scale, as in Francfi; 
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^ ■ associated ■with •$«*«* "npifomi '», . 

■aim Uqniverda, Fabr. .. „ til / ^ 

: The beetles in June and July eat roundish holes m popktj 
-’ayes, but this injury is unimportant. K 

d. PMeclire Rules. , . 

■} i. Poplar-nurseries should not be established near older ; 

Vifroplar-saplinfis liable to attack may be smeared in June 
yp to 6 feet in height tom the ground, with a mixture of clay 
and cow-dung, or Lcinweber’s composition (page 278). this, 
treatment is to bo recommended for nurseries. 


(>, Remedial JHmum. 

‘ i Collection of the beetles by shaking the saplings in June 

1< ii. Felling and removal of all attacked saplingB before the 
beetles emerge. 


2. Sapmla populnea, L. (Small Poplar Lmgiectn). 

a, Heendption . 

Beetle 8—13 mm. long, greenish-grey to dark brown, . 
^rered with yellow-grey pubescence; thorax with 3 lines of 
pubescence; elytra with the median line, and a broad lateral’ 
--tripe, and three or four spots on each side pubescent. 
-Antennae blackish, and each segment up to two-thirds of 
; ^e length of the antennae with grey pubescence, larva, 
ii-45 and. long, yellowish and resembling that of the' 
Seeding species. 

h. Lifahitfory. . 

i ! ($he female depoaite her eggs in May and June m cracks ci^ 
jr bark of young aspens, less commonly on other species of 
-plar, sometimes on willows. Seedlings of 2 to 6 years ol^ 
’i>d suckers are preferred. ■. ».*/ 'l r 

f Generation biennial. The larva hatches in July, 

-hrouish the hark and eats .f circular . gallery -rotmd^ 



by terming a gaibiiice swelling, which however Is uofci 
-\rund on willows. . : 

|f;ln tbe second summer the larva ckauges its course, boring 
Awards along tbe middle of the stem 
fer about an inch. The flight-hole is 
jircular and situated on the swollen 
portion. Pupation in April of the 
third year. 

This insect is usually found in open 
Ipniiy places, and is not uncommon 
ih tbe Midlands and south of England. 

It seldom kills the trees, but cripples 
the branches and prevents growth. 

Where it is abundant, hardly a branch 
can be found free from its galls. 



c . Remedial Measures, 

Collection of the beetles in June by 
shaking; cutting and burning the 
attacked branches during tbe winter. 

The Musk-beetle, Ccramhyx mos- 
chains, L, is a handsome dark or 
bluish-green longicorn with bright 
metallic lustre, it exhales a strong odour of musk. Its larvae’! 
live in rotting willow-stems, and also in old osier stools, whej$| 
it may do some damage. - 


Figs. 1 10 ami 1 41 .-~Ihirrrw#1 
of A', poptilura, L, in nn 
aspen twig, : 

External \i<*w with two flight 
hole-. View of interior 
with the larval burrow* 
exposed 


. Family IX.— Chrysomeltdje (Leaf-Beetles). 
Inscription of Family . 

^Leaf-beetles are small or of moderate size, convex and shorty 
gtan oval or hemispherical shape. ;a 

• .Antennae filiform, bead-like, or slightly thickened at thev 
11 -jointed. Legs usually short, strong, sometimes! 
for.jumping ; tarsi 4- jointed, spongy below, the 3r$| 
f ._^,^ilobed. Abdomen with & segments. Generation simple^ 
l&nr^ 4E^a j B%03rt»-£|atieiie€|» usually either parti-colour^l| 

ha retractile? 



.a^^^am^eoiea ave very injurious, both the imago’ 

: ^va eaimg the leaves of broadleaved trees. 

V 11 

L Chrysomela pnpuii, L. (Red Paplar-U&f Beetle), 
a, Dmriflion. 

.. jieetle 10 to 12 mm. long, of an obovate shape, blackish-blue, 
ji^e elytra brick-red, their extreme tip black ; thorax narrower 
than the elytra, its sides rounded, broadly raised and coarsely 
punctured*, antennae short, compressed, thickened towards.- 
ihe ends. 



Fijr. 142 . — i'hymwla populist. 
?< licotlo. I> Liirvn. <■ Jl’iipa. 


Larva 0-legged, of a dirty white colour, with many black 
pots, and two white lateral projections on the 2nd and 3rd 
egments. 

; Pupa sharply narrowed towards the posterior extremity, 
ttownish yellow, with regularly distributed black spots and 
stripes. 

b % Lifr-Imfory. 

; The season for flight is in May and June. 

■ f he s lays her yellowish-white eggs in clusters of 10 to 12, in 
|}' 100 to 150, on the under-side of the leaves of young poplars, 
f; The larvae emerge in June or J uly, feed openly on the leaves, 
^nd if disturbed exude a milky-white Said, with an odour e; 


per almonds, 

■Pupation takes place in July and August ; the pupae nan| 
Iversed from the leaves by their pointed did. , 

f The beetles emerge by the end of August, and after October 
Ibeinate under leaves or moss, reappearing in the ops^ u 

tprib . , 1C* r\ 

; Generation annual, hut : 




Wte.’' : ' FMdi ' lame I' Atlgus'li, A 

fe-^sisa-^sssa; 

England. .. t- Relations to the Fornt *. 

The insect both in the larval and beetle stages, attacks, 


<Y. Protect it'd Pules. 143,— c./w/wK, L. 

Collection of the * J*» «*■ **» 

'tXZZl'm* ***" " ^ 

.TSS-. Mr- »' — « smaller ta, • >•••£ 

Es=s- 3 ; SS"« 

^Srier.mllows, especially Sato 

t 2. Chrysomela mlgatiuma, L. 0VUUm Beetle).* , 
I- , 0. Description. 

^^;Siu1ed a , violet or black 


teplarly punctate-striate* Lame vary 
^ften nearly black above, with an olive-green middle lu|| 
^yellowish below. 

k LifeJmiory, etc, 

| ; The beetles come out in the spring from their sheltering 
places, and lay their eggs on the under-surface of leaves o|J 
^willows Salix ciminaUs, L., $. purpurea, rubra, etc., and also 
poplars. The imagos and lame attack the young shoots 
:|ahd leaves, commencing with the under-surface, and eating, 
; f , their way through the leaf, or up to its epidermis. 

? ; v Pupation takes place in the soil. The beetle -lives through 
:the winter, hibernating in various localities; it is found some-; 
.tunes high up on willows in sheltered places, unde}' the rough' 
baik of old pollards, in hollow* stems of herbaceous plants, 
among the terminal shoots of neighbouring young pine trees, 
;Or on the soil umongst fallen leaves and old stumps of osiers! 
They will also hibernate in the heaped-up peel of osiers,' 
.which should not, therefore, be left lying about. I 

\ Generation generally single, rarely double. This beetle is 
extremely common and decidedly injurious. In 1884, according 
to Miss Oimexod, in osier beds in the Lymrn district, near the 
borders of Lancashire and Cheshire, it was estimated that 
*he whole crop of osiers on 50 acres would have been destroyed • 
if protective measures had not been taken. 


f. Protective Rules, 

i. Dragging across the osier-beds a^tope 'weighted in the r. 


middle. This operation, which should be repeated severely 
.yimes, knocks off the beetles, which will lay r their eggs on tbe'V 
ground, where they die. | 

®* sprinkling the osier-shoots with a strong solution of'1 
ashes, or with Paris green (arsenite o§ copper, see*! 

177b 

knocking the beetles off the osiers into square tin vessel 
‘iviaining ashes, but this procedure must be done repeatedly v 
Collection of the beetles in their winter quarters. 

£ Traps of birch-bark, planks, etc,, may be put above 
*ooddevel ; under these the beetles collect inmyriads fo 
then bedea&eved 




ClIAPTEIi VII, 

liKPIDOPTEBA -BUTTEEFLIES AND MOTHS.* 

This order is subdivided into RUopaloeera or butterflies, and 
Jffeierotera, or moths. The former are distinguished from the 
latter by the possession of somewhat rigid slender antennae, 
which are clubbed or knobbed at the tip ; and by the absence 
of a frenulum or bristle attached to the base of the hind-'wings 
and passing through a loop or retinaculum at the base of the 
fore-wings. In the moths the antennae are usually flexible, 
seldom rigid, and are at most thickened towards the apex with 
410 weU-deflned club ; they usually possess & frenulum. 

Butterflies are of slender build, they fly by day and are often 
gaily coloured, 

“'j: They are of no importance in Europe from a forest point ol 
View, although the larva of Pier is crataegi, L., does much 
^damage on the Continent to the foliage and inflorescence-buds 
of orchard trees, as well as species of Sorb us and Crataegus. 


Heterocera. Moths. 

Family ].— Bksiimk. 

Dwription of Family. 

'Diurnal moths which fly rapidly in hot sunshine. Antennae 
jmifonn ; 2 ocelli. Broboscia sometimes rudimentary. Wings 
arrow, more or less hyaline, and resembling those of Ilymeno* 
tera ; frenulum present* Body stout, 
generation, 1 to 2 years. 

fj^crpilkrs cylindrical, yellowish white, with flue scattered 
Hire; 5 pairs of prolegs; head and prothoracic shield hoxqjpf) 
ad usually dark coloured. } 

Lepidt>pt^ra h 



r, armed with circles of spines on the abdominal 
J&gments, in a cocoon spun out of chips of wood. 
i : : The larvae live in wood, chiefly of broadleaved trees, and 
4>ore galleries in the stems, twigs or roots. 


1. Sesia apiformh , Fa hr, (Hornet Clear icing Moth). 


a. Desmpiion. 

Moth with a spread of wing of 35 to 45 mm. ; body dark 
)rown, with 8 pairs of bright yellow spots, behind the eyes, 
m the front and on the hinder part of the thorax ; and with 



the last 3 segments, and the 5th segment of the abdomen/ 
counting from the tail, bright ytdlow, Wings transparent, 
With rust*red borders and veins. Caterpillar with 16 legs, of 
a dirty white colour, with a reddish brown head and a dark 
line along the back. Pupa brown, with spines on the back of, 
& segments and apex of the abdomen. 


h. Life-history. 

The moth flies in June and July. j 

The brown eggs are laid in July in cracks in the bark ofi 
towards the lower pay! of the stem. The caterpillars 
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appear inJuly and August, pass two winters mt -, 

Sfid pupate in May of the third year, in a cocoon of wood-du#, 
Constructed inside their borings, near to the ground; excep- 
tionally in the ground when the larva has bored low down 
'towards the roots of the plant. - 

" The images omergo in June, when the empty pupa case* 
©ay be seen projecting from the stems. •. 

The generation lasts two years. The moth is widely distn- 
buted and often common among poplars ; the injury caused 
by the caterpillars often accompanies that of Saperda car • 
charias , L. (page 280). 


e. Relatione lo the Forest. 

The larva boros cylindrical galleries in the wood of poplars, 
especially of the black poplar and aspen. As a rule it prefers 
trees less than 20 years old, but is sometimes found in older 
trees. It generally bores low down in the tree, and its attack 
can lie recognised by the wood-dust which collects on the 
ground or blocks up the holes by which the moth will emerge, 
and through which the pupa can push itself by means of its 
spines. The injured saplings are frequently broken by the 
wind. The caterpillar is chiefly injurious in nurseries and 
avenues. 


d. Protective Rules. 

Saplings may be smeared as for protection against the poplar 
iongicorn. The moths should be caught on the tree-trunks 
and destroyed at the end of June. Saplings infested with 
larvae should be cut down. 


Family II.— Cossibae. 

Description of Family . 

<* this family of wood-borers with setaceous m 
Isipectinate antennae ; without ocelli; the mouth-parts rudt 
Sientary. Body stout, and covered with close short hairs 
{flight nocturnal, the wings strong, and roof-shaped when a,' 
-Jat. Generation extending over 2 or more years. CatwpiUan 
f sriooth or cylindrical, and with a few scattered hairs.. Pifj® 



- Wrings of afebfc on the abdomen, in » cocoon spun 


;'np%! chips of wood. 

, Xhe caterpillars live in the wood ol broadleavoa trees. 


1. Cowi* liijnipcrtla, Fahr. {dual Moth), 
a. Description. 

Moth with a spread of wing of 05 to 70 mm. ( $ )— «0 to 
85 mm. ( 9 ). Body stout ; head and neck covered with yel* ; 
lowish-grey hair; fore-wings marbled with greyish-brown and 
light grey, with numerous dark brown transverse lines; hind-, 
wings ashy grey, or greyish-brown. Abdomen long and thick, 
of the same colour as the wings, with whitish marginal rings 

to the segments. s 

Caterpillar 90 to 95 mm. long, with 10 legs, at first reddish-, 
yellow, and later cherry-red, darker abovo, with a brown head, ; 
and brown shield on the prothoracic segment ; it possesses ft* 
very offensive smell. Pupa stout, reddish-brown, with rings 
of sharp spines on the abdominal segments. 

b. Life -fa* (on/. 

The moth emerges in June and July. 

The 9 lays her eggs, up to 25 in number, in a cluster deep 
xl cracks in the bark of willows and other hroadleavei trees. 

• The caterpillar batches in July, and bores into the wood, in 
which, or sometimes in the ground, it pupates in May of the 
third or fourth year in a large stiff cocoon with a smooth 
interior made of particles of wood roughly spun together. 
The moth appears 3 to 4 weeks later. > 

Generation, 2 or 3 years. Found throughout Great Britain 
and generally common, at least in the south, 

c. Relation* to the Forest 

j: The caterpillars live chiefly in the wood of willows, but also 
^ Poplars, alder, elm, oak, birch, lime, fruit-trees, even the 
Walnut, and occasionally in Scots pine. They prefer the 
Jewer part o£ the trunk. The mode of attack resembles that 
jbl Bern, but many caterpillars* may always be found iff the 
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paifcer. Infested trees may be easily recognised by the ba<n 
.odour due to the caterpillars, and by the wood-chips thrown 
"out from their borings, which are of various sizes up to the 
thickness of a man’s finger. 

d. Protective Uith h , 

/, - As for Seat a. Bats, owls, and goat-suckers attack the moths, '> 

Saplings which have been attacked should be felled, split, ? 
and burned with the caterpillars they contain. 

2. Comis ttcsculi , L. (Wood-leopard Moth). 

'a. Description. 

Moth with a spread of wings of 45—50 mm. (<?), 55—65 
mm. ( 9 ) ; white with numerous round steel-blue spots on the 
wings and six on the thorax ; abdomen long, deep bluo with- 
white rings. Larva naked, yellow with black warts and dorsal 
shield, 30-legged. Pupa with rings of spines. 

t>. Lifedmtory, etc. 

The eggs are laid singly on saplings or branches of broad* 
leaved trees. The larva emerges in August, bores into the 
sapwood in the first year, passes the winter in the stem, and 
in the second summer excavates a gallery running upwards 
along the middle of the wood. In this it passes the*Becond 
winter, eventually pupating under the bark, Generation bien-i 
nial. It attacks many species of trees, maple, ash, lime,* 
apple, birch, beech, oak, horse-chestnut, elm, poplars and; 
willows, and has even been fuund in mistletoe. 

It is widely distributed, though rarely very abundant; 
sometimes it, is rather common and injurious in the neigh- 
bourhood of large towns such as London. 

;;; treatment consists in the cutting and burning of the infested 
j^ms and branches. 


Family III.— Bombycibae. 

Description of Family, 

Antennae short, pectinate in both sexes (simply pectinate 
^ ) f absents Bioboscia small 



pt^uSy functionless. Wings ample, sometimes Wt K; 
Proportion to the size of the body, roof-shaped at res . o j/ 
%ut and long, generally densely hairy, usually larger m the 
Flight as a rule nocturnal. Eggs frequently laud m 
Rasters, and covered with hairs from the tail of the ? * Cater* 
j0kr# usually hairy, seldom naked, with 10 legs. 1 ,( J }ao H m 
j^nd short, in a cocoon spun out of silk, often with the larva 

hairs interwoven. „ 

K The caterpillars feed on needles, leaves, etc., and are usua y 
voracious. Borne of the most destructive species of insects 
European coniferous forests belong to this family. 


1. Gattrojwha jrini, Ochsh. (Pine Moth).* 
i i , pen crijhion. 

Moth with a spread of wings of GO mm. ( 3 ) to 80 mm. ( ? ) 
Body thick and stout; fore- wings whitish or brownish grey 
iU the S with dark reddish-brown transverse bands, and witl 
I long unicolorous patch, in which is a white lunate spot ; u 
the ? the hands and patch are reddish brown ; the bind 
Wings in both sexos are rusty brown. Tho colouring an 
markings of the wings vary much in individual examples. 

' The^calerpillur attains a length of 80 mm., has 16 legs, 
aod varies in colour from ash-grey to reddish brown, or dark 
'town ; there is toark dorsal stripe, and sometimes a senes 
of lateral white patches. It is hairy with clusters of greyish 
■bristles, and possesses on tho 2nd and 8rd segments from t e 
%ead- two steel-blue bare stripes, which become apparent at 
%6 second moulting, and are very characteristic. ; 

somewhat cylindrical, dark brown, enclosed in an 
Miptie, whitish grey cocoon, which is pointed, at both endfc 
- of looser texture near tlm bead of the pupa to facilitate 


ately not- a native of Great Britain. It p&y* 

i^T^t^Srasly destructive, that it Has boar tiiocght desimb leBOtb 
entirely from the present WautattoB, tat to present Ml abridgmen 



b. Life-hitfory. 

k The moth emerges from the cocoon from July till the end 
6 t August. It lays in the second half of My ilbo “i 100 
200 bluish-grey eggs, as large as hempsee , ui c rs o 
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147,— Gattropwh* pin*, Outwit 
a Mate. * Female. 


iout as to SO in number, in the bark-crevices of standing 
jcots pines, usually at about the height of a man, or on the 

ieedles and sfioots of young pines. 

The caterpillars hatch after 20 to 25 days, about the m.dcUj 
| August. They at once devour them egg-shells, and the < 


licatter tfeemselves among the twigs; where they begun*) xeeq 
;When about half grown, they descend the trees (in October 

3U' ’ ' ' 

d 



IkeeptiWaJfy 'they may hibernate in the bark-crevices* Thejl 
time of reascension depends on the degree of warmth of the 
season and on the quarter from which the wind is blowing* " 

; Pupation takes place at the- end of June or beginning, of 
;3Fuly, either on the needles and twigs of the crown of the tree, 
or in the larger bark crevices. 

' The moth emerges in July, about 20 days after pupation* 

Generation annual ; but sometimes irregular when the insect: ; 
occurs in great numbers. Very common in Germany. 

r, RMions fa the Foteat, 

This is the most destructive of all insects to Scots pine ;; 
forests in Central Europe, as it may appear in large s war mag 
throughout the summer for several consecutive years, and 
enormously voracious. Tho caterpillar also attacks the 
Austrian and mountain pines, and in caso of scarcity of food, ' 
both the spruce and larch. It prefers 00- to 80-year-old " 
trees, but when abundant it will attack younger trees, and ,; 
thickets of young growth and plantations. 

The attack is on the needles. When tho caterpillars are - 
Very young they gnaw the sides only of the needles, but fuliy-^ 
grown caterpillars eat them down to the sheath, usu&Ujp| 
leaving the latter, and in this manner completely strip th|| 
twigs. . 

Even^tlie terminal |j|d8 maybe eaten. The older cate$|| 
pillars prefer needles of the previous year. A single caterpiiW| 
will eat a needle in 5 minutes, and may destroy in all 100® 
needles. After complete destruction of tho needles and buda^ 
'the tree must perish, and as a premopitor of death a few 
clusters of stunted needles, termed rosettes by Ratzeburg, may | 

f- The trees may recover, if for a pole 200 needles, and for an 
|Sld tree 400 needles, still remain green. An attack com- J 
fencing in April and tasting till June is the worst, as thiaj 
[affects the formation of wood. An attack generally lasts! 

0, occasionally for 4 years, and is at its maximum during' | 
'^the 3rd year. Irregularity in the development of the insects^ 
degenmtioh s ;o4';i4itp ^terpilta* which are largest in the : | 



^tySar and become successively smaller and weaker, rapidly 
fmsue* At the same time, insect-parasites and bacterial 

become 


more and more 
active, until the 
caterpillars die 
from these causes 
in immense num- 
bers. 

, This post is most 
dangerous in pure 
Scots pine forests, 
on sanely soils, ir 
dry districts, and 
in the plains and 
hills of North and 
North-eastern Ger- 
many, less so ir 
the south and west 
it is rare in moun- 
tainous districts* 

A succession o: 
warm summon 
favours its multi- 
plication to an ex 
traordinary degree 
In tbs ten years 
1863 — 72, in tin 
forests from Wes 
Prussia to Saxony 
442,500 acres o 
Scots pine fqresta 
were attacked, am 
70,000,000 cubi 
feet of timbe; 

^ killed. In 1888-9 

|&e valleys of the Bbine and Maine, in Hesse, were ravaged 
jknd the caterpillars devoured the needles even of 10-year-ol 



Rcwtte-ueedlw (#} on Scots pine, Mowing 
■f? defoHatioa by Q. $im f Ociish. {Natural #i*\) 





PINB-MOtH.. 


d. Protective 1> ‘nits, 

1. Avoidance, as much as possible, o! pure Scots pine 
forests in localities exposed to tbe attacks of th»s ,nsec^. 

' *2 Careful search for caierp)llars, chiefly m ao\emi>tr, 

, T ?« I'rr^riZ 

"trees is raked up and searched, and if 6 to 8 cateipina s 

w„L „oJ . t.«. — '» 10 

‘ rzS. 

trees, admits the wind, which the moths dislike, and facilitate 
collection of the caterpillars. 
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Flg . lr.o.— Oatrrjillai *t tl» «•* M-'th wad * V 

4. Protection of enemies: hats, badgers, cuckoos owls, 
pat-suckers, etc. Titmice, golden-crested 'vrej. a d Uce 

keepers destroy the moths' eggs A number ° 

wasps and parasitic diptera attack the larvae. I ig. 1 50 show 
a caterpillar covered by the pupae of Mister ,jhbatu», L. 

e. Remedial Measure*. 

; These are, briefly: The excavation of 

to catch the caterpillars. Trenches are made or the WgJ 

pt either isolating attacked areas, or to catch caterpillars, 

Vithin the infested wood. „ t i,„ trees - but 

? Collection of cm by scraping them from the trees, but, 

Sait. ichneumons- 



' A'" , 1 

y'CoJUcim'of caierpilfars.^Thh is undertaken either afi§| 
November, or hy shaking the trees in August. v ,£ 

This method is less efficacious than smearing girdles of ta & 
>n the trees, as at least half the caterpillars escape. . ; 

Collection of ‘pupae , — In June and July. 

Collection of the moths . — This is carried out in July in the 

tnorning and on cold wet days before the eggs are laid. 

By this means ichneumons are not destroyed. 

Girdlmj the trees with yr case-hands . — This is the best and 
safest method to adopt when the insects have appeared in 
large numbers. It was first -employed in Silesia in 1829 
igainst L, monaeha, L., and first in 186G-7 at Gliicksburg, 
against tbe present insect. 

The details necessary to ensuro success by this measure are 
carried out as follows : — 

* The woods which have been attacked are thinned, in order 
that tar may not be wasted on suppressed stems; all under- 
growth which might serve as bridges for the caterpillars is 
Cleared away. 

The coarse bark is removed from the pines in rings 10 to 
; 15 cm. broad, in order to present a smooth surface for tie 
Star, Care is taken not to injure the bast. 

The smooth places are covered with a horizontal band of 
4ar or grease G to 8 cm. broad in February or the beginning 
March, and this operation is repeated at intervals of G to 
days, or again in April, when the « former application has 
become too dry to catch the injects. 

C Batzeburg has distinguished experimental tarring from 
'general tarring. The former is used on lines of trees here 
|$d there throughout a. wood, where a severe attack is feared, 
Arid if 5 or 6 caterpillars are caught on each tarred tree, 
a general tarring of all the ‘trees is undertaken. There: 
S^ however, a danger that the general tarring may come too: 
-atef and it is recommended to try the experimental tarring* 
the autumn, and if a general tarring is shown to be ; 
ietiessary, to take all preliminary measures for it during: 

winter^ The best ,tar is made from pine roots and? 
iltumps; it should be of a cherry-brown colour and possess! 



rim mchti r,=pi| 

miust be put on cold. Coal-tar must not bo used for tin's 
^purpose. 

?; Certain compositions are also used which are superior to 
!4ar, such as tar mixed with 9 to 15 per cent, of resin, or 
9 to 11 per cent, of acetic acid. For similar purposes in 
*; England, grease-bands are made of 4 * cart-grease ” or mix* 

" lures of Stockholm tar, unboiled linseed-oil, etc., etc. 

In order that a composition may he really useful for this 
purpose, it must combine cheapness with prolonged stickiness. 
k thick coating should always be used, or else the substance 
is absorbed by the bark. 

In order to spread the tar 
a paint-brush was originally 
used, but Boden and Kielnmun, 
two German forstmeisfcers, con- 
afcructed, in 1881, two wooden 
Spatulas, which Fig. 151 repre- 
sents. The broad and grooved 
spatula is about 130 cm. long and 
5J cm. broad at the top, where 
it is grooved on one side, hut 
smooth on the other. Thu 
grooving gradually slopes from 
the handle to the extremity of 
Ehe spatula, where it is 5 mm. 
deep. The tar is taken from 
the barrel on the flat sido of the 
broad spatula, and spread on the tree with the narrow spatula, 'i 
The broad spatula is then turned round, and the groove / 
pressed round over the tar. This makes a smooth ring 5 cm. ; : 
broad and 5 mm. thick. 

it; The quantity of tar used and the cost of painting the rings | 
varies with the age of the woods, and in Prussia averages 40 
p 50 lbs* per acre for eld wood, and 50 to 60 lbs. per a<||p for 
young wood, the average cost in either case being 6$. and ; 
9*. 6d. per acre for tar. ' | 

; In 1878 in Piietnitz invest Prussia,. 45 millions of cater |l 
pillars were destroyed by me&ns of tar rings, at a cost of 7#*'| 
per 10,000 caterpillars. In woods under 60 years old thej 




6atorj>illars weFe collected at a cost' of |(k { jpe^ 
*0,000. The yalue of the annual increment of wood saved 
was 8$, per acre, as against 7a., the cost of the tar rings. 

| The efficacy of the tar ring is less interfered with by frost' 
Yhan by great heat, as the latter easily melts it and causes it 
&o run down the tree. Most of the caterpillars which attempt 
to cross the rings adhere to the lower part of them ; but about 
;B per cent, of them, chiefly the larger ones, manage to croBS 
the rings, although of these about 59 per cent, soon die from 
Yhc effects of the tar, so that only 1*2 per cent, of the whole 
^number really survive and pass the rings. 

** The caterpillars whose way to the troo-crowns is thus cut 
Tdff, return to the ground and try to find their way to other 
: trees ; they arc therefore prevented from so doing, by isolating, 
by means of trenches, the wood containing the tarred trees 
from other woods which have not been so protected. 

:? Caterpillars infested by ichneumons, or fungoid diseases, 
may be introduced amongst those which are healthy. 

In cases where the attack is very bad, but localised over 
Ei small wood only, the soil-covering is burned whilst, the 
caterpillars are hibernating, or even the whole wood is burned, 
measures being taken in both cases to protect the adjoining 
woods from the spread of the lire. 

Robert Hartig, in 1871, experimented near Eberswald on 
i?he effects of the different methods of protecting the Scot# 
pine from these caterpillars, with the following results 

The collection of hibernating caterpillars, as long as the 
tnoss and dead-leaf covering is replaced in position, has no 
bad influence on the growth of the tree. 

T The jarring of young trees in order to knock off the cater- 
pillars involves local decay in the bast, and consequent 
induction of increment. 

Y’ Tarring does not hurt the trees m me slightest degree. 

2, Bombyx nemtriu , L, (Lackey-Moth). 

& Ikmiplmf 

Moth with spread of wings of 10 to 40 mm. Body and fore- 
Icings ochreous-yellow or red-brown, the latter traversed across) 



jSheiir jMddle ' by a darter band which u bordered by pfd« ; 
’I' stripes ; hind-wings somewhat lighter, crossed by a vague 
darker stripe* 

l ' : Caterpillar extending to 45 mm. in length, with 16 legs, 
Marked with alternate stripes oi blue, reddish-brown and 


h 



white, thinly covered with long hairs, head bine with two 

black spots. , , , ; 

Pupa bluish-black, covered with short hairs, in a yellowish- 

white thick cocoon. - ; 

h. ^ , i 

m moth appears in July and August, flying m the evening 
and resting during the day in sheltered places* , 

[ fhe £ , about 8 days "after pairing, lays from BOO to 400 
brownish-grey eggs in a close spiral, forming a cylinder round; 
■ a young shoot. 


caterpillar^ liateK in April or the beginning of 'SayJ 
ad live socially in companies of 50 to 100 , until they are full 
rown, in web- nests spun by their joint labours, and incre|$- 
og in size as they grow up. They leave these nests to feed 
m leaves, rctumin$ to them in wet weather or by night. In 
me weather they are fond of sunning themselves. When 
disturbed, they let themselves down to the ground by threads, 
jc' after hanging some time in the air, draw themselves up 
Again. 

4 Wbeh full grown, in June, they disperse, and spin cocoons 
tmong the leaves, or in bark-cracky 
* Generation annual; the insect is very common over the 
greater part of Europe and in England. 

e. Relations to the Forest. 

The caterpillar is found on many trees, especially on apple 
? and other orchard trees, and on oak, hornbeam, and poplars ; 
Salso on elms, birch, maples, willows, thorns, briars, etc. 
i'Only ash and lime appear to be spared. Its attack com- 
Jmences on the blossom and leaf-buds, then extending to the 
^foliage, and lasts from the end of April till the beginning 
June. It is chiefly important in orchards, to which it does 
"^mense damage, 

(l Prokeim Rttfes s etc, 

^ i. Protection of enemies, notably titmice, the golden-crested 
|:|^en, the cuckoo, finches, etc. 

::K il Pruning and burning twigs bearing the egg-rings during 
winter, * v 

^Viii. Destruction of the young caterpillars in their webs by 
pushing with gloves, or short brooms, or by cutting off the 
JStws and letting them drop into a pail containing paraffin* 
J|heSe remedies can be economically applied in orchards and 
4j|inu«eries only* 

,4 Bombyz pudibmda, L, {Pale Timock Moth). 

\ v a. Descriptmu 

Moth with a spread of wings ty 45 mm. ( 3 ), 50 to 60 mm* 
- .Ofucltsar agoti 



mmmmm wm M 

Slid with 2 to 3 narrow grey-brown transverse waved lines; 
abdomen and hind-wings somewhat lighter, the latter with a 
faint greyish band ; <$ darker and more spotted than the ? . 

Caterpillar, when mature, about 40 mm. long, with 10 legs, 
at first greenish yellow, later becoming reddish or brownish, 
hairy, with four truncated tufts of yellow or brownish -grey 
bristles on the 4th to the 7th segments, separated by black 



hi V i 

Tig, WA.—Ilmhjx pndibmda, L. 

a Male. b Female. c Caterpillar. d Pupa {dorsal surface). 


velvity bands, and with a rose-red pencil of hair on the las0 
segment. 

I, Pupa thick-set, dark brown, covered with short grey hair, 
in a yellowish-grey cocoon spun up with the larval hairs. 

th Life-history, 

/. The moth appears at the end of May or beginning of June- 
fit June the female lays about 100 to 150 bluish-grey eggs in 
a cluster on the bark, generally low down, at about 1 yard 
from the ground, but often a few yards up, sometimes on 
twigs or dead wood on the ground, or even on grass o t 



^tch after 3 

their first meal off their egg-shells, about : 

to clusters, with their heads usually turned mwa ^ , 


;usuauy uuuci » — 
ground, to the bark-cracks of oaks, 
among herbage on the ground. 




fk l 54.— Beech-leaf , eftUmby tbefom 
,1 $, pidibmdfi, L« {Xtiurel <«#.) 


. Oak -led 


155 -' 

stripped 1>y tbe lurv 
of pudibunda^h, . 
(Natural sw,) 


; fhe generation is annual. ^ gn oW an 

gifhe caterpillar is very hardy, and 
eld well. 

. r, MaUm t*> tte Forest. 

! caterpillar lives singly ti 

^inilers, hut has on ? :Wlfc , Wftr«l*ain. o»k to, all*®' * 



: Ppefers dry, sunny, elevated places, and avoids valleys. It has- 
4tolten l>een noticed that an attack commences simultaneously 
at several points of high elevation, from which it spreads in 
| all directions. 

It prefers 40- to 80-year-old woods. The foliage is at first 
^only skeletonised, but after August the leaves are almost 
y/ entirely eaten and fall to the ground in thousands after the 
7 caierpiilarffhave bitten through the petioles, 
tv In the case of the oak, the petioles and mid-ribs remain. 

The damage done consists in loss of increment, and reduc- 
tion in the production of seed, as fewer dower-buds are 
t developed ; the quantity of beech-mast is much diminished, 
i t and the nuts are often empty. 

t This is highly prejudicial to beech forests under natural’ 
\ reproduction. , 

The insect prefers southerly or south-westerly aspects; it is; 
very common in North Germany, France and Belgians 
(Ardennes), being found at altitudes up to 1,300 feet above 
sea-level. It is tolerably common in Great Britain, but is 
r seldom destructive, except in hop gardens. 

In 1802, tho larvae of the pale tussock moth appeared on 
about 2.1 acres of forest in the Grand Duchy of Bbxem- 
bourg, and by October 82 acres were leafless. By the end , 
of 1893, 5,000 acres of beech -wood were devastated,^ 
and the caterpillars were so numerous as to impede,; 
locomotives on the narrow-gauge railway. Owing to the 
increase of parasites and diseases, the epidemic stopped inj 
toe, 1894. 


' (L Protective Rules, 

I. , Ash, sycamore and conifers ibould be grown in beech- 
woods.' ' ‘1,’ 

& ii. Protection ol enemies crows, jackdaws, cuckoos, 
Ibrushes, finches, titmice, etc. Ground-beetles and ichneu- 
mon- wasps are very efficacious, and a spider (Epeira t sp.) has* 
been observed to be extremely destructive to the insect. M 
longoid disease due to Imria far hum, Fries, with its higher, 
form, Cardkepe mititwi*, lank, i* also common. 



e. Kmedrnl Measures, 


i. Collection or destruction of caterpillars (end of September 
-“beginning of October), as they come down the trees to 
pupate. 

ii. Collection of pupae in the winter. 

iii. Girdling the trees with grease-hands at a height of 1 to 
8 yards. This method has given fairly good results in the 
Eberswald. On 3 acres about 500 caterpillars p&r tree were 
caught at an expense of 11s. per acre. Unfortunately most 
pf the eggs had been laid above the Lands, and the eventful 
destruction of all the foliage of the trees was only delayed.* 
$he Germans do not now spend money on destroying this 
insect, as complete defoliation lasts only one year and the 
attacked trees do not die. 

4, Hornby# chrysorrhoea , L. (BrownAatl Moth). 

a. Description, 

Moth with a spread of wing of 80 to 40 mm. White ; the 
inner margins of the wings fringed with long hairs; forc- 
ings in the <? usually marked with small black spots about 
(the middle and towards the anal angle Abdomen brown 
towards the tip, which is furnished in the cf with a tuft of 
dark-brown down, thicker and red-brown in the ? . 

Catirpithir 85 mm. long, 16-legged, with radiating tufts of 
long yellowish-brown hairs, brownish -grey above, with 2 red* 
slightly zigzag lines along the back from the 6th segment 
jfcowards the tail, and 2 vermilion warts on the 0th and 10th 
segments, grey beneath, with yellow spots and streaks. 

| Ptqm dark brown, hairy, with pointed tail, in a brownish- 
|rey cocoon* 

b, lifi-hislory. 

The moth appears at the end of June and in July. 

The ¥ lays 200 to 800 brownish-yeSow eggs on the lower 
surface of leaves of many broadleaved trees, and covers them 
with the dense fluff from her tail. 

I * JPtombyx ttfwmtm, Moore, is very destructive to foliage of the sat (SkerW 
frefatta) in Assam, and sometimes *oeeui* in enormous numbers over very mb 
tensive areas. Itjdsoat tacks the leaves of tea bushes. Indian Museum Notop 
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Wo caterpillars appear 2 to 3 weeks later, usually m August^ 
and at once spin web*nests among the neighbouring leaves.* 
In the autumn they spin large caterpillar-nests, as big as the 
figfc^in which they hibernate, binding together many leaves 
with their threads, and thus forming chambers which they line 
with silk and fasten firmly to the twig!. 

Pupation takes place in June in a thin greyish-brown cocoon; 
between leaves. 



Generation annual. This insect is common, but firely 
appears in great numbers. In the Berlin Zoological Garden 
they destroy the foliage almost every year. It is less common 
in Britain thAn the closely allied B. iimilti. Fuss, (auriflm^ 
Ffthr.) ; an insect of similar appearance, but with the abdo- 
minal tuft of down golden-yellow. It resembles B. ckry - 
torrhoea in habits, and especially attacks hedgerows and 
orchard trees. 

r. Relations io the Forest 

The insect is polyphagous j the caterpillars are found on 
pear and plum trees, on oak, white-thorn, and also on beech; 
elm, maple, hornbeam, pillows, poplars, roses ; even on robinia 
Jwhan * 



The caterpillars, enclosed in their common web-nest,' first! 
Aaw the upper side of the leaves. Next spring, after^ 
enewing their nests, they feed on the buds and young leaves,' ' 
M later, on the blossoms and fully developed leaves, e^jepfc 
he petiole. In this way, the fruit is considerably reduced in 
Quantity, if not entirely*destroyed. Up to the middle of May, ■ 
-n bad weather and also during the night, they retire to their - i 
nests. After the third moulting, at the middle or end of May, 
they abandon their nests, and wander among the trees to 
feed, l . 

■ \ The crowns of the trees which are attacked begin about the 
end of August to look as if they had been singed by fire ; 
dater, the woods become more or less completely defoliated. 
If defoliation takes place before Midsummer a second foliage 
may appear. 

d, Proteetm finks. 

Protection of enemies. Titmice and the cuckoo are very 


^Cutting off the caterpillar nests with shears, and burning 
them. 

Collecting and killing the caterpillars in May, and the pupae 
in June. Care must be taken to protect the hands against the 
hairs, which cause inflammation. The above measures should,, 
be adopted for orchard and avenue trees. 


. ' ' ■ 

5, IJparie mmacha , L, {Black Arches t or Nwi Moth ). 
, a. Description, ' 


|::Tke moth has a spread of wings of 40 mm. ( ^ ), up to 50 mm* 
1$}., ; Fore- wings white, with many black zigzag transverse 
lines and patches, hind-wings light grey *, abdomen with broad*! 


«$se-red bands, separated by black bands, which are very weft 

i; • ■$ 

|yfhe caterpiUar is 40 to 50 mm. long,’ with 16 legs, hairyi 
papering slightly towards the tail? reddish-grey above ao$ 
Ijreenish-grey below ; with 6 bluish warts bearing tufts of long 
pairs on and p .the 6fe a velvety-black hfl^| 




b. Lift -history. 

The moth appears in July and at the beginning of August, 
,nd may exceptionally be found till the end of September, 


a 



} !x ■■ 

Fig. \h1.~~tipam vmacha, L. 

« Imago ( ? ). b Egg* (enlarged). c Caterpillar, d Pupa. 


; ■ , '‘’ 4 , 

jBoth sexes usually sit at daytime on the stems at a moderate 
^height from the ground. \ , >y, ' 

?; In the month of August the p lays about ISO eggs of A 
Oddish-bronze colour ingroups of from 5 to 50 in bark -cracky 
?$r among* the moss and lichen of large poles and tree sterns^ 
•$& Scots pine or spruce, usually at 10 feet from the grounds 
^hon the inse^;|wa^ are c#red with eggs 



Scots pfee, only ‘as iir as tii^'rotigh'feK 
Jtieuds. ‘ Later tbs eggs become of a pearly grey colour, and 
pbernate without any protective covering. 

/: The caterpillars hatch at the end of April, or the beginning 
'0 May. . They remain for a few days (2 to 6) in small groups 
pear their hatching place, and then ascend to the crowns of 
Jr 6684 tlie y are half-grown, they are able to let 

pfcm selves up and down by threads should they be disturbed* 
fhey become full grown b> the end of June, or the beginning, 
ipf July. When young, ihoy are rather sensitive to changes of 
Weather, and are easily blown down by the wind, and may then 
fell on to young forest growth. . . ' ■ 

takes place at the end of June or the beginning of 
My, and tire pupae may be found fixed by a few threads in 
bark-cracks lo^ down on the stems, also on needles of low 
branches, and even on undergrowth. 

: Tbe motl1 emerges in 15 to 20 days after pupation, the active" 
&' appearing a few days before the ? . v 

^ Generation annual. The bisect appears sometimes in truly T ' 
Sprmidable numbers. The moths, especially the ^ are very 
b>tive, and maf fly for long distances in swarms, but' usually 
setaain localised. 

; L. monadia is tolerably common in many localities in 
Britain, chiefly in the south of England, hut is not generally 
egarded as an abundant insect. It is rare in conifer woods 
>nd, consequently, seldom if ever destructive ; its usual food-* 
danfappears to be the oak. Indeed most British lepidopterists! 
to be unaware that it is a conifer feeder. 


t Relations to the FornU 

Ups species attacks all conifers, butftrefers the Scots pfoa’i 
, 0 sprace, and tall poles and old trees of these species to 
ouager ones ; it also, however, attacks young growth and also 
roadleaved trees, such as beech, hornbeam.bireh, oak, orchard 
;ees, least of all the asli and alder. ,In cases of scarcity of: 
ther lood, it will not disdain low shrubs. 

.. The caterpi|tei devour the needles and buds. When young 

ihsin to wilt; that 



Sfcfer larval attack the fully formed needles, and In the case 6l) 
spruce, eat them from the apex downwards. They feed on ■ 
Scots pine in a most wasteful manner, biting oft* the tops of 
the needles and letting them fall to the ground, and only, 
sating their lower portions. The quantities of half-eaten , 



Date ot injury, 185(5 ; production of ahart growth, 1857 ; of brktlB-n«udk>«, 1858 ; 
f nWri growth, 1858 /of nearly normal growth, 1850; of normal growth mm 
jatostal dormant buds, 1861. - , 


needles lying on the grow* then betray the presence e| 
the enemy., ^ , 

In high coniferous wood the older needles are preferred to; 
%e younger, and the attack spreads downwards and outward^ 
Irom the summits of the trees. Among young growth, on th$ 



5 «hBive,ftricl toWatd8 its end, the caterpillars return in swarms f 
the summit of the trees and eat off ail the younger shoots, 
opeated observation lias proved that these ,cater p i 1 la rs are all 
ejtly and eventually die, and inside them a great variety o! 
irasites is found. 

The attack lasts from May till July, andls repeated for about 
y&m. In the 2nd or ftrd year it culminates, and complete 
ifllliott may kill the whole wood. The spruce is more sensi- 
tive to the attack than the 


/\ Scots pine. The latter 

' y^ l: may recover the loss of half 

jF:' , “■ J / \ its foliage. 

/jji, "■ * A' 4 V The process of recovery 

f *! . \J //’/, /A in the spruce is shown in 

■ V\V\\ ' v r * h *' : \ Ti &- l5ft ’ m > which 

Vu yy, /(( A\ /y/~\ ■' \ represent portions of trees 

[/ f\ V attacked in Bilesift during, 
a }).} , X \ /T y ! 1 855 and 18515. The length 
1( y I *of the internodes was least 

^ 1 i in 1858, the normal growth 

R \ ) not being resumed till 

j # 1861, and a characteristic 

^ i growth of stunted “ bristle* 

I n n needles” appeared, a fca* 

^ lure which not nnfrequently !■ 

occurs in the case of Scots 

tCQ. ^ Beet’.h leaf taton hy a oqfarpiwr , , a, 

* 0 tJ f . i*Mtaeka>h. pine. > ,, ,;j 

V$V/rT' The insect is found botK;| 

Jlgfa Aifoe and in hilly country. The most severe attack ; 
'^^f^Kun” during the present cetftnry w&b durmg| 
4(^.1868 in East Prussia, Lithuania,, and Poland; ij»| 
S^ a bark-beetle attack followed, and the calamity otfyjj 
I860. Prom the 29th Inly, 1868, to the 
; H§ii : rate, 1866, in the Bowebvde Forest, where the, 
Httaok commenced, 6,876 acres oi forest ,w#re completely! 
lapped ot. needles, and about half as “much non nearly; 
la&pped. The lai'val droppings covered the ground to a depf|j 
~I 6 to S cm., in many places to 15 cra.,*nd kept fallingifj 
ie ground witlx a sound like heayy rain. s Jp to the i lg 


Beetili leaf t’aien hy a catvTpilltiT 
41 [\ . of mniwfai L. 




)cfob&r, 1862, 81,860,000 cub. feet of wood were killed, 
JO, 828,000 cub. feet by the Nun, and 487,000 cub. feet 
>y bark-beetles. The ravaged area exceeded 21 ,000 acres, and 
n East Prussia, between 1858 and 1868, over 467*000,000 cub. 
eet of wood bad to be felled, while 267,000 acres * were 
levastated. 

The damago done in the neighbouring Bussian province was 
dill greater, and it has been computed that by the Nun and 
lark-beetles 6,400 geographical sq. miles of forest in Bussia, 
tnd in Prussia 600 sq. miles, altogether 7,000 sq. miles of 
'orest, were destroyed, and at least 6, 127,500,000 cub. feet of 
amber killed, It was noted as a curiosity that the manuring 
>f the forest soil by the dung of the caterpillars, and the' 
)pening*oufc of the woods, produced such 
% heavy growth of grass that the stags, 

>wing to the j greater abundance of 
provender, bore antlers of unusual size. 

In 1889 and 1890 this insect proved 
pery destructive in Bavaria, south of 
lie Danube, the expenses of the cam- 
paign against it amounting to as much 
»s t'100,000. Fi "' m - - N"* “ 

T ,, , „ . , bv thf‘ 

In attacking broadleaved trees, the /„ l. 
caterpillars .frequently eat the base of 
the leaves, letting the remaining portion fall to the ground*; 
this is the ease with birch and aspen, whilst with beech ap& 
oak only a portion of the leaf is eaten* the leaf-stalk beipg 
usually untouched (Fig. 160). 

The attack is never fatal to broadleaved trees. 

d. Prot&efitv' links. . 

* & AvcManceof pnrespnm or Scots pine woods and intro|qc 
lion of suitable species, efjgcially beech, in intermixture wiffi 
such woods. 

ii. Thinning — Bycareful thinning future remedial measures 
are facilitated, and a better control over the collectors of eggft^ 
larvae or pupae is maintained. 

,^’fi i. ; bats/cuckoos, woodpeckers, crowig 






-pi usefiit in destroying the eggs throughout tb&j 

Winter* The ground-beetles, Carahm ghhratw , L,, and Cah~ 
form aycoplm^ita, L., are also very useful on the Continent, the 
larvae of the latter attacking the moths eggs, and the beetles: 



- ,rig<. 162 .-~Sprn«» leader, with 

fi’K 


,e of the Nun moth* 


Many ichneumon -wasps and Tachmae attaelp 

Spe caterpillars, for instance, Twkina nmrnlw, Rate., 

!»., etc, / / , 

1892 _ J, Gold found thatia.N, E* Bohemia 50 per centpt| 



jieanepaon wasps. Finally, towards the end' of the kstf 
great swarm of the Nun moth in Bavaria, 181(0, 
especially bacteria, were destroying the caterpillars, the latter 
became sleepy, and hung bent like horseshoes on the twigs, or: 
in masses at the lops of the trees. If such caterpillars are : 
squeezed, a brown stinking liquid exudes, whilst healthy : 
caterpillars exude green liquid, •* 1 


f\ Remedial Mcawr*. 

i. (Jolkvlim,aml Mtruclion of the w by lire, from autumn 
till the middle of April. The pieco of bark on which the e«gs 
are laid is removed, and the eggs scraped off with a knife into 
a jag furnished with a wooden funnel-shaped mouth. The 
stems are cleared up to 10 feet high, preferably by day. 
labourers, at first on foot and then with a ladder, and the 
woods m which many moths have been observed should be 
first treated. This treatment is easier in smooth-barked polo- 
woods of spruce than in older woods with rough bark. 

One gramme-weight of eggs contains about 1,200, and the 
lost of collection is about 8d. to Is. for 15 grins. In the winter 
of 1880-10, in the Biosontbal forests near Eborswald, 10 tons 
of eggs were collected. The eggs should be burned in small 
lots, as otherwise they explode like gunpowder, , 

ii. Killing the dusters of newly-hatched caterpillars in April! 
and May by means of cloths, brushes* or by rubbing thenfl 
with moss, sods, etc. Great care must be taken to seize 
proper moment for this operation, and a delay of only a 
days may prevent its king done. The cloths, etc., used may 
k soaked in tar to render their actfon more efficacious. This 
Operation is also best done by daily labour, but under careful; 
supervision, one overseer being appointed for every 20 to 80 
workmen. One man should be able to work over 6 to S acres 
per diem, and the most suitable place to work in is among 
poung poles, where the caterpillars can be readily seen, and 
are not too, high up the stems. 

iii. CoUectim of eatayittan and pupae, commencing in June#" 
Small caterpillars are usually collected in young growth, on tdi 

they have ken blown ; later on, when they haw ceased! 



pinning, they are shaken down from the poles. It is preferably 

0 collect the pupae. 

iv. Collection of 9 moth from the beginning of July. This,; 
hould be done as soon as they emerge, and in the earliest 
icurs of the morning; it gives the best results during coot 
weather^ A cloth may be covered with adhesive matter, and; 
used to daub the insects. " 

r It is not yet fully decided whether this measure is very; 
Effective or not, some authorities, such as Altum, ranking it as 
the best to be adopted, and others, as ltatzoburg, considering!; 
ii as almost useless. 

„ In the forests near Ebersdorf in Iteuss-Greiz, between the 
20th June and the 12th August, 1808, 000,000 9 were destroyed 
at a cost of £270. ;■ 

• v. Trenches are usually of little use. Smearing the stems 
in winter from the ground up to the large branches with a 
' mixture of lime bushel), soft soap (3 lb.), potash (i lb.), clay 
and eow*dung destroys the eggs. This method can be used 
for orchard trees only. 

; yi. The application of h'ujh (jrca*e-band& about 2 in. wide at 
% height of 10 to 20 ft. from the ground, above the places 
sphere eggs are laid. This should be done at the end of March 
Sir April, and the bark here is sufficiently smooth, and requires 
HO preliminary scraping. The rings are smeared by means of 

1 broad brush fastened at right angles to a long pole. This 
[jus in many cases proved an excellent remedy. The little 
^terpillars remain sitting in thousands below the rings, which 
s||' eff their way to the crowns of the trees, The composition 
&&& should retain its fluidity for some time, but need not be 
.jgSjr sticky, as the caterpillars to be caught are so email. j 
It Large fires lighted at night in the forest to attract and burn 

moths have failed to do any good. In 1890, in the Bavarian ; 
lorosts the moths were attracted by electric lights to the mouth , ; 
$Ta large tunnel into which they were sucked by an exhaust 
-«|rrent of air produced by steam power. Large numbers': 
=j3re collected by this method, and killed, but it .cannot be ;; 
stated whether the utility of this proceeding is commensurate : 



pine-moth, are also useful, as many nun caterpillars spn 
themselves down or crawl down to the ground. They havi 
such an objection to the grease bands that they sit below then 
by thousands and die of starvation. 

; The collection of eggs, caterpillars, and pupae gives goot 
results only at the beginning of an attack. When the insec 
appears in swarms, the collection of moths and the use o 
low grease hands are the most effective measures. High greas< 
hands cost too much. In the case of low grease bands, tin 
undergrowth must ho cut and burned, the areas attacker 
should be isolated by a sufficiently broad greaso barrier, and 
so should intact areas. 

Although the Scots pine is usually first attacked, it does not 
Suffer so much as the spruco, as the .stem of the latter bears 
eggs up to the top and the young caterpillars begin by eating 
the yearling needles. In the Boots pine they commence lower 
down with the old needles. The Scots pino is not therefore 
killed, as long as the year's needles are spared, while the 
spruce dies if 80 [air cent, of the needles are eaten. 

Li park rfispar, L., the gypsey moth, which in Europe attacks 
all hroadleaved trees, was introduced into Massachusetts by a 
person who wished to interbreed it with a silk-moth. This 
pest increased in numbers over #50 sq. miles, and l>ecame so 
destructive to trees and crops that the State had to organise 
measures for its extermination on an immense and expensive 
scale, 875,000 dollars being spent in t890-~ 1804. 


Family IY. — Noctuidae (Nioht Moths). 

Dmnptum of Family. 

Moth* with long, setaceous antennae, usually covered with 
due hairs, -and sometimes pectinate in $ ; ocelli present; 
proboscis long ; wings narrow, during repose roof-like or level i 
frenulum present The markings of the fore- wings are usually 
characteristic and take the form of three or four transverse 
lines of which the second from the outer margin is elbowed, 
*n& of three spots ; two are situated near the anterior margin, 
-ho outer being kidney-shaped {reni/orm atigwa), the inner 

t|u$JSL : jugate, and 



Sheath the ormemer spot (elmform ^ 

.*• are constant in position, but some or all of then: »< : 3 r» _ * 
£!t The body is thick, and usually covered mlh down 

SHSSHS«=t 

its A few species are highly iujunous to forests. 





Fie w.- x * m . p ‘ »<»*> **■ < KSwmrf '** ; * * 

,*i* iM — 

v Nnc m finipenU,, Pan*. (Pine Beauty, or Pm Noctua )., 
, a, Ik&ripiion. 

Sfc* wi th a wing-expanse of 35 m®.; fore-winpr«»t-re 

S^igreyforlhcukrandreniformstigmh^cmrt 

j#™. ? * ’ ,, * e oblique anil producedtoward 

finite, conjoin© , au j abdomen grevieb-broTO* 

«* f «« ! h fiS 16 C almost hairless, of 
TtTJSt tiiloured Stripes and 


mmwL 


Pupil somewhat Elongate, of a bright brown colour* witu iwo 
spines on its tail, 

b, Lifr-h ixfanj. 

The moth appears from the end of March to the beginning 
of May. * 

The 5 lays 80 to 70 round, dull-green eggs on the needles of 
old Sco,^ pines. 

The caterpillars hatch out in May, spin freely when young, 
and are fully grown by the middle of July, 
ft Pupation takes place, at the end of July or beginning of 
August, under moss, dead leaves, cm or in loose earth, usually 
under the cover of the tree on which the insect feeds. The, 
pupa 1 are sometimes found in colonies, in the holes whence; 
stumps, etc., have been extracted. 

Generation annual. The caterpillar sometimes appears in'; 
enormous numbers, but is susceptible to changes of the' 
weather. It is tolerably common in pine woods throughout 
Great Britain, 


c. Itrlafwns to the Forest, 

The caterpillar attacks chiefly the Scots pine, especially 
when ‘20 to 40 years old, but in case of necessity it may feed, 
older trees and other conifers, such as spruce, Weymouth 
pine and juniper. • 

When young the caterpillar, according to Ratzeburg, borei; 
into the bud-^heaths of the spring shoots, which thus beeomej 
brown, wilt and die. Later on the needles are attacked^, 
beginning with their edges, and finally they are entirely;; 
devoured, usually on the lower branches, but also high iip in 
the crown. The attack lasts from May till July, but is not 
destructive as that of Gastropacha pint, L., as the Beets pine#,; 
^yen if extensively stripped by it, usually form new buds and 
ecover. One should therefore await results l>efore felling, 
voods that have been completely stripped of needles. Only 1 
/hen the fatal rosettes of needles (Pig. 148) appear is the ; 
oath of the trees imminent, The insect inhabits hillj| 
egions, and is most common in forests where the soil, basil 
-£Q me impoverished by removal of litt^ 



d. Protective Hides. 


Mix broadleaved trees with Scots pine. 

Protection of enemies ; Fox, badger, hedgehog, shrew, cuckbd| 
;$row, starling, thrush, titmice, golden-crested wren, etc^ 
Cahmma tpeaphavta, L,, is very useful on the Continent, and 
Jnany parasitic insects and fungi attack the larvae. . V* 

Fungi {Empuna sp.) killed nearly all the caterpillars in the 
Judder Haide in 18(17, their bodies being cova^fd with 
.yellowish-grey sporangia, which after rain became dark brown. 
.The infected caterpillars were brittle like the pith of elder, 
filled internally with a yellowish substance. 

e. Remedial 3f ensures. 

i. Pigs may be admitted to the woods from July till hard 
frost sets in. In the forest district of Cloppenhurg in Olden- 
burg in 18-15, 58 pigs in 21) days (November and December) 
are estimated to have destroyed 1(1, 000, 000 pupae. 

ii. Caterpillars may be collected from the middle of May 

Onwards by beating the stems, or in July by picking them, 
from lower growth, or at the foot of the stripped trees, where 
they often collect in numbers. '* 

Hi. Pupae may be collected during the winter, under moss,- 
etc. ; the holes whence stumps have been extracted should bejf 
Specially examined. 

iv. Moths may be collected by striking the trees in cdoudy 
feather or by “ sugaring.” '* 

; Trenches are not of much use, as the caterpillars are little 
given to '‘Wandering about. 

2. Noctm (AgroHs) restipialuf Bott. 
a. Description, 

with m expanse of wing of 30 to 85 mm. Fore-wijfi^ 
’|ghy,grey, mingled with brown, variable in depth of colotffj 
with fee black veins, the three stigmata conspicuous, darkm| 

* &*«*©, of the different sjwcies of AfMu usually live in the ground; th*j| 
- « , thropgh pl&hts above the roots, sod jo America are Appropriately 



B^ey with darker borders. P ° mt ' «Hind-wings light 

\ Caterpillar 85 mm* Jomr with ip i * 

?«>y; head with a triangulr frontal T’ f dnl1 hnm,i » h 
vertex, meeting at their ariev th • t ! ? ' " n< ! ‘ m,t,lw on the 

„„ !>*/<'’ hi$f or t(> 

! S ,; 0 it* P '“" “» *«** m 

“•*^tah.,, hinSopta ^ mJ1 . Wte . n j 




<? 

. r . $ 

rig. IC4 .— Aw(m ratfyMu, Kott. 

. ,b " •" i j “ « *»«■>. «u». 

1 r » e Ji”:„ ' u» "»Uw; 

Generation annual. 

hioh it feeds. , the leaveB «* *» plants «,| 

«. Relatione to th Forest 

j » Jft ™“ d 1 °^rr 1 •"«/ 

oi|», etc., tomrd, b, P ,i „**?*. *“*“*. 

9 «d the larch « ‘ “ e \ ak( > attacks the Scuta 

• ±3,*i., seeaim^B.m their first and second years. / 



If “^tionallj -the Sten off by it ini 

ittle one-yeat-oli seedling than 1 m>J 

Ipril and May close to the \ the loweft| 

idet ground Tte bm to ^ In June, when 

pft rt oi the stem, and lastly on i 0 ff ^ aboo * 

Lie plants are somewhat older wd ^awed. 1 

ihe middle ot their hoig i . Rm have their weaker side* 
■r two-yeav-»Ul seedling* ** * well, and;: 

shootB bitten off, inwft ™‘. " ltie hark may also be gnawed, 
’.some of the needles ate . ■ the injury they have 

;hut such plants commonly reuivei 

f received. , ;,»ht, when the caterpillars ; 

The damage is usually do ^ on(J platl t to , 

crawl along the «"!«* the¥ mm \ u „der ground. 
“SJ LX ' S ^ ^cts-is most frequented hy this 

% ««* '» 7"“! rxis «:— * "»”>■ 

d, Protective liulre, 

ii- For planU.»g-ou ,notseedUug employed, < 

it the ball&w 

il Si Protection o£ enemies. 

f Remedial Mmmm< 

\h. A “J VS bJ ■ 



fbe caterpillars may be poisoned by laying baits of cabbage 
or lettuce- leaves sprinkled with arsenic along the beds* 

The moths may be caught by “ sugaring/* and destroyed* 

8. Noctua (A (j roti ft) Heyetmu t Sell iff. (Turnip Jhtrt~Moth). 
a. Iknniplion. 

Moth with a wing-expanse of 40 mm. ; fore-wings yellowish- 
grey or yellowish-brown, with darker marks, stigmata of the 
same ground-colour as the wings, the reniform and orbicular 
margined with black ; hind-wings milky-white, with no lunate 
spot. 

Caterpillar 50 mm. long, with 1(5 legs, coloured like that o t 




<? V 

Fig. 105, —Xoctuo wjftum, Sohitf. [XaUmthise.) 

* •!*. 

the former species, but with the triangular spots of the forehead 
and vertex separated at their apices by a space, X* 

, Jhipa light brown, with two long anal points. 

h. Life- history, : 

■ The moth appears from the end of May till the middle of 
June. The ? flies a few days later than the $ . Tim larval 
life is passed in the ground, the caterpillars hatching out 
June and July, and pupating in April and May. 

Generation annual. Very common everywhere in Germany 
ind in the British Isles.* 

t. Relations to the Forest 

; The caterpillar chiefly attacks the roots of grasses, cereals 
md root-crops* also seedling aud one-year-old spruce plants.,^ 
jn some Prussian forest districts it has also \mn observe^ 


?tcept during hard weather in the winter its attack lasts frora| 
ugust to April, Seedlings are bitten off below the cotyledons^ 
nd one-year-old plants gnawed about the collum, so that!hey| 
coquet itly die. In 1864 this insect proved very destructive^ 
rt Silesia. In 3880 , it destroyed spruce, Scots pine an<f| 
?eech near Sfcralsmid. It is said to destroy wheat in Russia*:! 
I'he protective measures are the same as for the previous^ 
species. 


Family V. — Geometridae (Loopeus). 

Ihucriptum of Family. 

5 Antennae of the imago either filiform or setaceous, with a 
thickened basal joint, not uufrequently pectinate in $ ; ocelli 
absent ; proboscis Rhort ; wings large, broad and delicate, 
.Usually lying more or less level in repose, sometimes sloping ; 
frenulum always present. Bodies slim, resembling those of 
butterflies. Flight usually at dusk, or by night ; a few species 
By in sunshine. Caterpillars bare, or only slightly hairy, with 
10 (rarely 12) feet ; they move about by looping , owing to the 
absence of the first 8 or 2 pairs of sucker feet; hence their 
name, loopm or span-u'oi'ms. 

I j^upae long, with a short pointed tail, bright brown, lying 
iisually without' cocoon under grass, moss, or in the soil. 
jfo The caterpillars feed on needles, leaves, buds, etc., and a fmJ. 
Species are injurious to forests. 


1. tyeomtfm piriam, L. (Bonlcred-white or Pinelsooper+Mottyi | 
a. Description, ‘J 

A Mt with a wing-expanse of 85 mm, J bright yellow, witfej 
.sharply-defined area at the tip of the fore-wings and 
-%rgineof both pairs black-brown, hind- wings with two 1 
3 W : Bark bands ; antennae bipeefcinate, l reddis 

fore-wings, borders, and 1 or 2 transverse! 
wings dark brown ; antennae setaceous. In both sa 
nader-gide <rf the wings is brownish, with dark lines a 
and a; teM hand aorpss j 
mami 




pfOTpSBifil Ifiin. long, with 4 prolegs, smooth, yeuowi»fta| 
jreen, with B vthifce dorsal stripes, of which the middle one 1$^; 
noadest, and two broad yellow stripes along the spiracles. 1 
: Pupa at first green, later bright brown, with sharply-pointed r. 
ail 

k Liffl-hwtonj. 

The moth flies in May and June. The S is fond of flying;^ 
ibout oh sunny sultry days ; its flight is unsteady. The V is • 
ilso very active. When resting, the moths have their wing#! 
upright, or else half-raised. 





a 

» 


Fig. \^~-^mne(ra pmaria, L. (Sutural sk«.) 
a Male, b Female. |c Caterpillar. d Pops. 

i; Jhe smooth, somewhat fl a timed green eggs are laid injp 
Jow (2—12) on Scots pine neeches in the crowns of the treesll 
The caterpillars hatch out at the\end of June or the beginnio|q 
of July, and are fully grown by October, when they let them- ;-; 
Selves down from the trees by threads. If the weather bej 
Tuild, caterpillars may even be founds in December. Pupation 
!oecurs |n October and November under moss or other 
Bering, or in the soil, usually undergo cover of the 
■on "which they have been feeding, 

The moth emerges in May or June 

{Zmwtten ahmial> Very common, ad0 , widely distribute^! 



t. Relations to the Forest. 

caterpillar attacks the com id on Scots pine, rarely 
^ther pines, the spruce or silver fir, and prefers 20- to 40- year* 
%ld trees, but will even attack trees up to 60 years of age. - 
| The needles are eaten from the beginning of duly to the 
of October, but not the buds. At first the shoots of the 
Tjkrrent year are spared, but later on they are also attacked. 
i/Jhe young caterpillars gnaw the sides of the needles (Fig. 166) ; 
JS? ^ ar 8 er fboy eat down to and beyond the mid rib. 

The full - growp larvae cut off the 
points of the needles, hut eat the 
remainder completely. Complete 
defoliation seldom results in the 
death of the trees, as the attack 
commences late in the season, and 
the buds well provided with resorve 
material produce fresh foliage the 
ensuing year. Only when a wood 
has been seriously attacked for two 
successive years, the seeond attack 
destroying most of the needles, do 
the trees die. If, however, 1 a cold 
and prolonged winter should succeed 
a some W bat early attack of the pre- 
ceding year, the%ids may become 
*>me ne^ie* too Weakened to produce useful; 
o.pimaria, h. needles and the trees may die, after- 
one attack only. As long as the cam-*;; 
Is found healthy the wood may be saved. It jb there- / 
ir 6 unnecessary to commence immediate felling of defoliated ; 
J^ods, as after an attack of the pine-moth. Dense woods in ■ 
~;*ony aspects of warm hill districts are preferred by this 
and Windy borders of the woods are avoided. 



<1 PtofaUve and Remedial Ru!m. 


Jfe&t beech with conifers. 



m w imer, _ 

^Collection of caterpillars in August by shaking the poles, 

■ Painting rings of grease or lime-whiling 12 to 15 cm. broad 
m the trees at lm. from the ground. This costs 7s. to 8<n. 
per acre for tar, and 4s. to Os. for lime, and has proved 
affective. 

Raking up into Reaps, and burning the soil-covering. This 
method gave excellent results over about 190 acres in Pome- 
rania in 1881 -83 ; about 4 to $ of the pupae were burned with 
the litter, and most of the remaining ones being exposed by 
the removal of tl\e soil-covering were oaten by birds. Where 
the soil-covering had been loft intact, the moths appeared in 
the following spring in large numbers. The ashes must ltd 
spread over the ground. In dealing with the attacks of this 
loopur, the forester should continually fell sample trees, jn 
ardor to become acquainted with tint progress and condition!*#! 
the insects, the appearance of parasites ami the degree of 
resistance offered by the trees. 

The extensive Scots pine forests near Nuremberg, weakened 
by the wholesale removal of litter, Buffered greatly from the 
pine looper in 1893-90, about 125,000 acres being ravaged of 
State, communal, and private forest. Twelve hundred work* 
men were engaged at 4#. a day to work up the dead wood* 
<5j^)0O,OOO cubic feet. 

2, Gfomeim ( Chnimtohia ) bnimala, L. (Winter -moth }* , 
a . iJmryiim. * '■ 

£, Male with a wing-expanse of 25 to 30’ mm.; fore-wirtgi 
ample, grey-l>*own, with several darker transverse wavy lines; 
hind-wings lighter, with a faint dark waved stripe in the 
middle. Female 8 mm. long, of a brownish-grey, wings short 
$»d aborted, with two dark bands across them, jmtemme and 
legs long, the latter strongly developed. 
p. Caterpillar 16 mm. long, with 4 protege, hairless, at first 
£rey, later yellowish-green, with & dark^dorsal line, and 3 
Slight longitudinal lines on either side. •; 

11 mm. long, thickset, yellowish-brown, with two small 



> h. IAfe-history. 

The moth appear from October to December, and fche ^ 
especially at evening-time. 

V The eggs are first greenish, and later on reddish ; in aS 
$0 to 300 are laid, either separately or in clusters of 8 or 
-uore, on buds, veins of leaves, and points of twigs of almost 
*Jl broadleaved trees. The 9 ascend the trees usually by th$ 
s&st and north-east sides, which are. protected from rain. - < 

; The caterpillars hatch at the end of April or in May, are 
full grown by the middle of June, and in July let themselves 1 
down by threads from the crowns of the trees in order to 


he d 



Fig. 1 08 . — Gtvmrfra bnnnata, L. 
a Male. h Female. c Caterpillar. d Pupa. 


pupate ; this takes place at the bottom of the trees in a smooth? 
hole % to 3 in. deep in the ground. 

t iGene ration annual. Yery widely distributed and eommop^ 
^well-known orchard pest* throughout England. 




HeMms in the Forest. 


=yTbe caterpillar attacks several broadleaved trees, especially 
Chard trees, the oak, hornbeam and lime ; to the former, 
specially to apple and pear trees, it is most destructive, the 
^pit-crop being weakened or destroyed. When young, the 
yf^piliar bores into buds through the sideband later attack# 
^fessoroa and leaves^&s well as the green shoots and youa*| 
B eotttinu^ to spin during these attacks, and wh0$ 
Jiaturbed will let itself down and climb back again to the tr^ 
%g:$k thread* After destroying the foliage of standards 



:^pp!(S, It Wifl attack the underwood up to the middle 
June, and great damage is thus done at times. 


% d. Protective Rules. 

Protect enemies. * 

GreaseAmnds should be applied to the trees in the middle of 
October in order to catch the $ moths on their way up the 
trunks. The trees are usually encircled with paper strips 4 in. 
broad, bound to the tree by string above and below, and the 
tar or composition is painted on to the paper, the lower part of 
which being bent upwards to prevent the composition from 
trickling down.* These bands catch many other insects which 
are destructive to orchard trees, such as the apple-blossom 
weevil, Anthonomns pomormn, L., and the codiin moth, 
Carpoeapw jxnnomilo, L. The caterpillars of the last specie# 
creep under the paper to pupate. 

The practice of spraying* with arsenical washes before 
flowering, or after the blossom is set, is a valuable method ol 
treatment. ; 

Other species of Gcometridae , which emerge in the winter 
months, and the females of which are apterous, such as ; 
Hibernia dtfoliaria f L., etc., may he dealt with when injurious,' 

the same manner. 

The pupae may be destroyed in orchards from July to| 
September by trenching the ground a foot deep below the* 
trees, and stamping it firm. 


Famua’ VI. — Tortbicidae (Lkaf-rollek Moths). 
t Description of Family. 

Moths with somewhat short, filiform, or bristle-like antenna^ 
with a thick basal joint; 2 ocelli. Wings rhomboidal, thtf 
anterior pair usually bright-coloured, roof-shaped in repose $ 
frenulum present. 

Generation usually annual. / 

rCaUffUbri with a few short hairs oh little warts ;? with 
prolegs ; usually with a homy shield on the profcboraeic sa'Jp 
:j»ent and a horny anal flap. Very active, and strong spinnerB 



lit -a cocoon either above or in the ground?' 
J-j&rowa of spines on their backs. The caterpillars attack 
, : «e buds or shoots, the fruits and seeds, or the needles orj 
-^ves of broadleaved or coniferous trees. The characteristic'! 
oJJing up of leaves is only practised on broadleaved species. ■ 
Many insects injurious to forests are included in this family. 

1. HalhiR chlnraua, L. {Green Willow Leaf- Holler), 
a. Ikxcriplion. 

Moth with wing expansion of 20 mm. ; fore-wings and 
thorax light green, the former with a whitish anterior border; 
head, hind-wings and abdomen white, the latter sprinkled with 
greenish-grey scales. 

\ Caterpillar 15 mm. long, with 10 legs, of a dirty flesh-colour, 
with a dark dorsal stripe, and a few bristles. Pupa light 
brown, with rounded head and Smooth hinder extremity. 

| b. Life- history, etc. 

C The eggs arc laid in April and May on the torminal buds of 
.young willows, especially on Salts riminali* , L. The solitary 
Caterpillar hinders the development of these buds in May, 
spinning up the terminal leaves into a bundle which is bent 
towards one side of the shoot in which it lives ; it feed! from 
May till July, not only on the leaves, hut on the tender young 
Shoots of the osiers. The lengthening of the osiers is thus 
■|?ndered almost impossible, and a straggling production of 
^%-Bhoots results. In July the larvae pupate ou leaves or 
Hoots, in white boat-shaped cocoons. The moth* appears 14,<: 
’ays after pupation. Neither Hess nor Judeieh are clear 
“.bout the subsequent life-history, but as osiers are cut down 
n December, there is probably a second generation, eggs being 
;M in July, pupation in September and the pupae hibernating 
~ribe cround, 

c. Proterlm Pules. 

JCui of the shoots containing the caterpillars, in May and : 

bundle contains only qtwjg 







$. f'drtrix riridana, L. (Oak Leaf-roller), 
a . description. 

Moth with wing-expansion of 18 to 22 mm. ; fore- wings! 
uniformly light green, and hind- wings light grey; whitish 1 
fringes to all the wings. 

Caterpillar 15 mm. long, with 10 prolegs, at first greenish 
grey, afterwards dull green, with head and anal flap black, 
with warts on the hack. Papa 11 mm. long, slender and 
black. 

h 


f'x 



Ki>. r . 1(M. — 7'»ttn> tnnltuvi, l>. 
it MhjIi. h (’him pillar sii'ponil^i b\ a llmad. r Pupa. 


/». LtO'-bi story. 

The moth flies during daytime at the end of June and 
the beginning of July. The eggs are hid singly or iri little 
clusters on the already bitten buds of the oak, and pass the 
w inter there. The caterpillars appear in April and May, and, as 
pupation approaches, spin threads by which they let themselves 
up and down from the branches ; they pupate usually at the 
beginning of June, on the twigs of the trees which 
been attacked* generally in the upper leaves, which they roi}J 
together, anA^ao in bark-cracks. v ' » 

Gcncratim %mnui\. Everywhere tolerably common, aud(| 
sometimes present in enormous numbers. Very deatructiv^ 



c. Relations to the Forest. 

The oak leal-roller moth infests oaks only, chiefly the|| 
:dunculate oak because it shoots before the sessile oak, a»d;| 



ormauon oi iouage, blossoms and acorns for the year 
e serWasly oompromisech and sometimes the former is 
sompleiely destroyed, and may then he restored 
iy Lam mas -shoots. 

In coppice- wi th-s tandard s oak standards and 
mderwood only are attacked. The attacks of 
ihis moth are very persistent, having lasted for 
1 years, in the Steigerwald from 18159 72. and 
n Windsor Forest during 1890-94. 


d, Profedii'e J[»t*wres» 

Protection of enemies : starlings, rooks, jack- 
laws, etc. Hardly any remedial measures can 
ie tried in forests. The caterpiflars of the 
Dunbar moth, Comia trajw:ina f which are ear- 
livorous, arc useful in clearing oiT their attack, 
is well as that of the winter moth. This Noctuid 
noth has a spread of wing of about dO mm. ; the 
'ore- wings are variously marked with^ale grey, 
rust-colour, or brown, with transverse dark and 
pale lines, the hinder wings greyish - brown. 

The ? lays her eggs eh telly on oak. The cater- 
pillars are pale dull-green, apple-green beneath, 

*nd have 5 pale whitish or yellowish longi- 
tudinal stripes, and numerous small black warts, 
aach surrounded by a white ring, eight to a 
segment, arranged transversely on the first three 
segments behind the head, and in a square of 
Jour, with two below on each side on the 
Succeeding segments. 

; Pimpla seanka, Grav., is the commonest ichneumon- wasp 
that attacks the oak leaf-roller. 


1% 171. — 
Oak -h'lif 
rolled up by 
the c afcwfa 
pillar ut the 
Oak-tortri*, 
(yatu rai 
ttizs.) 


v 8. Tortrix (Iktinia) bnoliana , Schiff, {Pirn-shoot Tmiris ).* 
U. iteurriplmi. 

V Moth wifh Wing-expansion of 19 to 22 mm.; fore wingi 
farrow, reddish-yellow, traversed by 6—7 broad, wavy y-shap& 



bindings dark grey; bath 'IBM 

^ j fringes. Thorax orange, abdomen grey. 

^Caterpillar 14 mm. long, with 10 prolegs, bright brown mM 
■nootb, the head and first segment black, 

$ Pupa yellowish-brown, with a row of fine prickles on the back| 
the abdomen. 

•ij h. Life-history, 

JjSlhe moth appears from the end of June till the end of July. ; 
|| During tho day it sits somewhat concealed amongst the pine 
Seedies, its colour assimilating with the withered pine shoots, 
but it becomes active with the approach of twilight. The eggs 
are laid among the terminal buds of young Scots pine plants. . 
fyphe caterpillars hatch out at the end of August and in 


a 



Fiff. 17 '2.— Tu)Ob bunltaM, Sebiff, 
n Imngo. b Lurva. c l’upa. 


September, they hibernate in the buds, becoming full grown in 
iibe following May. 

•h Pupation takes place at the end of May or June, at the base 
^of the injured shoot. The pupa is exposed, aud the empty 
Ipupal case may l>o seen for some time on the shoot. 

: ; r.\ The moth emerges 4 weeks later. 

-|i Gmmitton annual. The insect is common and widely 
distributed wherever Boots pine trees are grown in Europe. 

6, Uetafkm to the Forest 

tile Scots pine and occasionally the Weymouth, black au| 
it^r pines are attacked. . ' 

Pho insect exclusively attacks young grow®, and prefers 
^sakly 6- to 12- year-old plants on poor soil ana in sunn| 
ifU&ia&iis; 


W by the larva boring into buds and ahooii^ 
JDate in the summer the buds, jmrfcicularly the terminal buds/ 
•Are slightly gnawed at their base, so that turpentine exudes^ 
|Ih the following epring, as soon as the plant begins to shoot' 
: |np, the caterpillar bores right through, the pith of the young 

- shoots. Shoots eaten on one side become curved as in the* 

\ 



173 .— Kno-bnmdj, showing distortion aftrr .antecedent iujury by T. btuAnm 
Scbiff. A larval gallery is expsed in the broken shoot/ a. {Nqtttnrt tfce.) , 

% 

figure, and if no further injury , is done, will recover their 
/vertical position, but the perforated shoots dry up, turn brown 
Ahd fall off. After destroying the terminal shoot, the larva 
greets its attention to the side shoots; it sometimes spin# 
i/savaral together, and passes from one to another. The attadj? 
%m be distinguished from that of the pine beetle by the 
fumbling excrement found in the borings. 

ahooti.fi 



an *m oi m point 

%e resulting loss of increment is considerable, as frequently 
he pest recurs year after year. 

d. PraMin Rules. 

Protection of birds, titmice, etc. 

£ Careful planting and rearing of plantations of vigorom 
pnejj, without undue crowding. * ^ 

&Ffae. shoots which are attacked may be broken off’ant^ 
burned, from the middle of May to the end of June. Thii 
plan is advisable only on Bmall areas and at the commence^ 
ittent of the attack. If made late, it destroys numerous 
parasitic enemies of the eater piHars. ^ 

: Item oval of all misshapen stems at the first thinning, till' 
which time they are spared to help to cover the ground. 


4. Torlrix (Reliniti) tuvionana, Hb. 

(t. Inscription. 

_ 1V Moth with a wing-expanse of 16 — 18 m; fore-winga 
Tpfown-grey, oclneotiH towards tlie tip, with leaden-grey trans- 
verse wavy lines; hind- wings whitish, the tip greyish ( 3 ) or* 
OChreous ( ¥ ). Head and thorax ochreous; abdomen grey! 

Larva 10 mm, long, with 16 legs ; light brown, with hlac| 
liead and thoracic shield. 

#. tjfe-lmtory) etc. 

'£< The eggs are laid in May or June singly on the middle bud$ 
if the whorls of the stem of young Scots pines (usually 5— Iff 
feear&old). The c&terpiijar bores as a rule into the middle 
: Jld> and hollows out the pith-canal in the course of t hSi 
Summer.* The ‘shoot is checked from the commencement o| 
^ growth and takes on & blackish-grey colour ; eventually f| 
Jb and the lateral buds, which are seldom attacked, becoml 
formally large. ' 

f Pupation takes place in the following year (at iheendof Apr! 
k in May) in the hollowed bud, which is spun over with I 
the moth emerge at the end of May ’or’tgl 



pine, sncli as the Weymouth pine ahd FfnM| 
Smd4rQM> Dough, are liable to attack. The insect is leas 
jeommon than the preceding* 

e. tfmedmt Mmures. 

The injured buds, which can 
recognised by their small 
fize.and dark colour, should be 
<jut off towards the end of April. 

$♦ Toririx (Re lima) resinella, L. 

a . Dfi*mpthn. 

\ Moth with a wing-expanse of 
10 to IB mm. ; fore-wings slaty- 
grey with numerous shining 
leaden - grey transverse lines 
forked on the fore-margin ; 
hind - wings grey - brown ; the 
fringes pale. Body slaty-grey. 

Caterpillar 11 mm. or more 
in length,, with 10 legs, orange- 
brown, with brownish-red head 
and thoracic shield, 

b. Lifohisfory. -> 

The eggs are laid in May and 

June, just under the whorl of 
buds of the recently - grown 
shoots of young pines, usually 
on the lateral, shoots, The 
Caterpillar bores into -the pith 
and thus causes the growth of , 

1 hollow gall-like resinous mass; as large as a pea, in 'which l| 
passes the winter. In the spring it continues feeding, causing 
^he gall to increase to the size of a cherry or of a small; 
Walnut, and for hi a swelling on the underside of the shoot 
which encircles two-thirds of it* On section the gall is seehj 
tp be divided into two compartments by a strong vertical 



174 ,— Emis-gsli *>f T. mi**. 
Ma, L., ou a piiwj ahooV; 
(Natural »%ze>} *# 



ieremeni 


:ay of the third year) ; the 


UIIC OUllbtUUB 


if be moth flies about May; the generation extending ove« 
"S **»•**■ 8 ru j e the pine recovers its injuries ; but in an 

favourable situation or after bad weather the attacked shoots 
;.;f he species i 8 tolerably common in a few localities 
®' Bcotland and in Windsor Forest. 
i^The treatment connists in the destruction of the galls daring 
m second winter, and in cutting off affected shoots. “ * 


0. Tortrix rufimitmua, H.-Sch. 

* a. Description, 

CMoth with wing-expansion of 12-16 mm. ; fore-wings dark 
greyish-brown, with lead-coloured wavy lines at their base, a 
psty yellow median band with a lead-coloured border, and a 
fbuud dark spot on a rusty yellow patch near the corner of the 
wings ; hind-wings brownish grey, with grey fringes ; thorax 
W vellovv near the head, abdomen brownish-grey. 

" CaU r > li,,ar loi ‘K> with 10 prolegs, of a dull ’yellowish- 

pwii above and yellow below, with reddish-brown head. 
P«i>o # nmi. long, bright brown. 


b. Life-history, 

moth flies from June till the end of July, sometimes 
May. The eggs laid on silver-fir needles, where 
%SSr remain during the winter, 

caterpillars hatch in the succeeding spring, and when 
“7 £ row ' 1 at the eudofJune, let themselves down by threads ' 
ad pupate in the soil-c#vering i n - a cocoon made of silk and 
■ Ih * “ oth »»»■« 2 to 8 weeks later. Gentry 

^ , r* ikkiiom k the Fomt 



: ;f1»e caterpillar, commencing operations as tbe young shook* 
*^ear m May or tbe beginning of June, eats the needles ao| 
oungest shoots of the silver-fir. It devours tbe vor-^ 
wdles, bites off the older Ones at their base and gnaws 

w*bov«4 





^is aitackeSV Tne insect prefers woods oi m to 100 yearaf 
>!d, but when the raoth appears in swarms, younger wood $?: 
ilao attilled. The edges of the crowns of tiie trees become J 
reddish, and after attacks repeated for several years the tree#! 
Stoeome stag-headed, the topmost branches being as bare ail 
arooms, and die. There have been several severe attacks isfi 
Germany on silver-fir by this moth since 1876, and in 1879 f j 
1,800 acres of forest were ravaged in Nagoldlhal. arid the attack i 
spread to the surrounding districts. 


& Proiwlw Quit's. 

Mixture of other species with tli&silver-lir, and dean v\ood 
sraft. 

Protection of enemies : titmice, the wren, etc. 


e. HrnUfttttf Measures. 

Smoking out the, caterpillars by burning green branches ii 
lamp weather. This is done in May, by thinning affectei 
woods and collecting branches from trees and poles foiled 
which are burned in heaps after taking necessary precautions 
[n damp weather the smoke penetrates the leaf-canopy 
snd causes numbers of larvae to fall, which are swept into 
Bre. This was done by Forstmeister Koch, with excelled 
results, near Karlsbad. | 

Admission of pigs to the forest as soon as the cocooik arc h 
the soil covering, during the first half of^une. ; 

l ' Raking-up and removing the soil-covering whilst ilia pup 
^re there. 

: Fellincr trees which are badly attacked. 


Tortrix fdnwlam, ZU 
a. Tkmripikn. 

|« Moth with Wing-expansion of 18 to 22 mm. ; fore-wings long|| 
With strongly sinuate inner border, bright ashy-grey, withl 
Numerous dark brown wavy stripes; him^wings somewhatl 
%ad, of a uniform tom or #*by^ iMh.paWl 


fQti im. long, with 10 prolegs,' 

■«£ the back, with two brighter green stripes along the sides 
:1M&d and prothoracic shield shining black. 


k Life-hixtory. 

rum mom appears in August and the beginning of September.,;; 
fthe eggs are laid at the base of young l^rch shoots, and';; 
ftuaiu over winter. The caterpillars appear in May or June,| 
ad pupate at the end of July or in August in a silken cocoon ! 
mongst the. needles, on twigs or, when the insect is very 
umerous, in bark cracks. 1 Generation annual, 


c. Relation# to the Forest. 


mm 


The caterpillars usually attack only old larch, and chiefly 
sickly trees, but when very numerous ; 
they also attack healthy trees, and:; 
underwood of spruce oi^P. Cemhra ' 
growing below the larch. They eat : 
the needles, at first those of theV 
lower shoots, subsequently climbing : 
to the summit of the trees. The" 
insect sometimes appears in such!' 1 
numbers as to completely strip th£| 
trees o! needles, and entire woods! 
may then appear with a browil 
nopy; as if the meedles had been burned. As a rule! 
^needles appear during an attack, but if it should last fop 
cyan the healthiest trees will succumb. Badly; 
fe^ woods on shallow soil and with a southerly — 


f 


Vth,~~T0rlri& pint - 
lohm, XU, 


fUWt is common m ^witssertod^ afc£ has w 
fairly large-tracts of.idrWf.k 
1S7849 in the Ober Engadin, Wallis andflraubtu * 
l"Ml# in the Ober Engkdin, where larch is the domin 
eeies,over 15,O|0 acres of forest were attacked by it. 


fc uncommon { 


iL rromnw mm. 

Protection of birds* 

Smoklig out as described for the preceding species. 

Family Y1I.— Tineidab. 

■ Description of Family. 

I may os with long filiform or setaceous antenna), seldom 

Hjfcinate ; ocelli usually present; wings long and narrow; 
n&ually pointed, and, especially the hind- wings, characterised: 
by long fringes, during repose either roof-shaped or folded over' 
the body ; frenulum present ; Legs stoutly spurred. Gwentti^ 
annual, vff 

Caterpillars slightly hairy, usually with 10 prolegs. A f m k 
species have only (> to 8 prolegs, and those reduced iu siae {lefi$* 
miners). _ t i 

* Pupation usually in a cocoon. Pupae with a thin hairiest 
skin, rarely with spines on the abdominal segments but cha- 
racterised by the elongate wing-cases which reach almost id 
the a pet of the abdomen. 

The caterpillars generally live in rolled-up leaves, or in 
shoots, flowers, fruits, seeds, et$j| .Many species are leaf? 
.miners, living on the parenchyma It leaves, between the uppe* 
and lower epidermis; Others bore into the pith, wood, baj| 
%t buds. Few of them, however, are important enemies | 
i; the forest 


1. Tinea ( Ilyponomeuta ) variabilis , Zell. 
a. Description. 

Moth with wing-expanse of 18 to 20 mm. ; fore- wings white 
louded with brownish grey on the anterior border, with ^ 
Regular lon#tttdinal rows of black spots, and a group | 
(nailer spots iiong the . outer ma^n ; hind-wings btow| 
yay. f fringes pate-grey or whitish. 

* Cafrrptfkr 16 mm, long s with 16 tegs, yejtowteh-grefr, njarl^i 
$ih round black spots, with black head and thoracic shtef| 



5W ; 

eggs are 1$S8 at the end of June and in July oh hudp|| 
^|nal1y of underwood. The lame do not hatch till the spring 
-|ien they attack buds, leaves and. blossoms under the protee?| 
hi ol a conspicuous gauzy web, which they spin in common ■! 
-^er the ends of the branches? 

flTbe chief food-plants are the plum and apple trees, trie ^ 
fountain-ash and especially the hawthorn. This caterpillar ^ 
j^is also committed great ravages among willows in Hungary; 
Jus very common in the British Isles, and often completely 
defoliates hawthorn trees and hedge-rows in the open spaces i : ; 
Of London. Pupation takes place on the bra uehes or trunk in ; 
Tune or July in a white cocoon. 

r. limftiuil Measures. 

Outting-off and destruction of the caterpillar-wehs at tuu- 
'•ftgiuning of June, Destruction of the moths (July), which 
Jften sit in conspicuous groups at a moderate height on the 
'funks. , 

f ; Where defoliation is ail eyesore, as in public parks, the trees 
fay be carefully sprayed with a weak arsenical mi/ture or 
f ringed with a stronger jet of plain water or soap-mixture. 

Other species of Tih€$*~e,.g. r J\ path, Zell., on the gean 
.Pnmm padius , L.) and or wjkhmnmts Framjala , L« — are closely 
pied in appearance and habits. 






2, Tinm etwtwclla, Don. {Axh-Umg Moth). 
Dewryitim. •*. ■ 
wing-expanse of 16 mm. ; fore-wings, head and 
thorax white ; the former 
with a large triangular dark: 
grey blotch on the anterior 
margin and with the has! 
and outer margin clouded 
with blackish marks; hindl 
wings and abdomen gr$jK 


.• *; w «T "“ w <wwwuiw s*.wn 

<*#*«% Bow. / . brown, the latter lighter b0 
' ,T «^th; fringes grey-broWn. H 



iP^lSIrn ' h^And dor^t''Mleld'5^1 

S Staintoa & i&rva is greenish, marbled with 
Jeddish-browm) \ ; 

Pitjw yellowdirown, glossy, in a neat cocoon, 
fainted at each end and of a silken lustre, 
.^dhstructed away from the larval feeding-place. 


JjiJe-huhrff, 

! S( The mtfi hies in June and lays its eggs on 
the leaves of ash, which are mined in July by 
Sibe newly-hatched larva. The larvae pupate early 
in August on the ground amoug dead leaves, 

-After eight days' pupation, the moth appears in 
the middle of August and lays eggs on the leaves. 

Generation double. In the autumn, when the 
f leaves turn yellow and fall, the caterpillar , which 
is still very small, after mining tho leaves till 
tfttear leaf-fall, bores into the sheathing scales of the 
terminal buds ; here it moults and excavates a 
hole in which to hibernate. Its presence is indi- 
eated by the fine powder visible in tbe entrance* 

* burrow. As soon ,as the buds begin to swell in 
.the ensuing spring, the caterpillar begins to food 
on the buds, and reaches maturity about May. 

|The injured hud is incapable of development and 
% outstripped in growth by the next uninjured 
f shoot, causing the ends of the branches to become 
-forked. The larvae then generally attack the leaves again 
i*ad pupate at the end of May, the pupa being attached b; 
?<£ thread to a twig. Chiefly young plants and saplings ar 
The summer attack is harmless; hut the spriu. 




Pig. 177 .h 
Ash - twi; 
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common wherever ash is grown. 


JtetwdM Mmum* 

came July, together with orij 

’ th* adhioimi ikterat "huds. > ThbllbreVenta forking hut fi 



' tytetyhora hrieeUa Rhn. 

9 t0 , 11 “IS w ‘ngs ver| 
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as 80011 as it has emerged from the 
gg, tores into the young larch-needles to about half their 
:ohgth, bo that their upper ends shrivel up and turn yellow, as 
^ injured by frost. The attack usually commences on the 
mwer branches and proceeds upwards, the top of the tree 
being spared in moderate attacks. 

The appearance of a plant which 
bears a large number of infested 
needles is very conspicuous and 
characteristic. 

f In September the fully grown 
caterpillar prepares a little case out 
of the dry part of the needle, 'which 
it cuts" off for the purpose, and in 
this it hibernates on the twigB, 
usually at their tips*, or in bark- 
cracks, or among lichens on the 
Stems. 

: In the spring the caterpillar, carry- 
ing its case with it, bores again about 
half-way into a larch needle, and 
*bout the middle of April finding its 
bid case too small, it fastens it along 
the freshly hollowed-out needle, like 
two fingers of a glove. ' It then cuts 
t the adjacent walls of its old case 
■and of the needle, thus preparing a 
pew case- twice as wide as the 
^former. This troublesome work occu- 
pies .several days, during which an 
Observer might imagine that there 
on a needle. Wbpu 

fcleadv Ibr! pupation it spins the new case i 



Fig, 170, - 4arch-iw«Ue» , 
jured by C, fariwlla, Hba 
{Natural ni&e, ) ’ § 

a Larval me*, b Spinal^ 

caterpillar, c Hollow# 
and twisted undies. 


warm ^w.tm8/aneimrea t am 
the west of we$|| 






ttidlSreb, and has recently become 
, • w “ ere the larch is indigenous Tt- 

J$*M liurtfubMi! relolts JJ* 1 !" ** "*• *—l » M l nl 

4ffc todtoT ITL “i fT”* J ,“ *“*' » » ‘be 

#n>es this insect, the latte/ nrTahl ’ a ° St .. a,ways ‘ accom - : 
-Susceptible to this hiehlv ,]« t P , b by renderB the tree- 
Jw».n.i,„,. M ' e XJ»”7 «». The h.*; 

?*» the spring, «o Uwl t " *° the fraction of needle*;) 

Attacks that they die, 60 80 W0a iene d by repeated *i 

'*• Protective /{ides. 

l^tection ot titmice and other small birds. 

_ , e - ^medial Measure*. 

rnning the lower branches of lnn>h i 
.•sect usually appears. ° f la,ch lre « s > on which the 

*» *• »»3 

eedlos of these trees will Ji , 1 fte cater P*Pars in the, 

^ little cases 7ayt S^lrSTf ^ *7*** 1 
ring the winter and spring but this nl» reeS ’ destro 7® d S 
S cst nurseries only, § ' 18 plan «“ *• followed Jqg 



CHAPTER VIIL 


DESTRUCTIVE IN SECTS (concluded). 

A. Hymenoptera* 

Family I, — Tenthredinidae (Sawfluss). 

Description oj Family . 

Bawflies have straight,* usually filiform or 
antennae, rarely club-shaped, occasionally serrate, or ih\|j| 
doubly pectinate, and with 8 to 80 joints ; 8 ocelli ; prothors^? 
usually very short ; wings with lull complement of veins, t||g 
fore-wings with 1 or 2 radial and 8 or 4 cubital cells. * 

Legs with a double trochanter; the anterior tibiae Wltfc| 
two apical spines; tarsal joints often furnished below wiftte 
membranous expansions, sometimes cup-shaped* ,v,j| 

Abdomen sessile, of 8 segments; in ? with protrusibi 
serrate ovipositor. 

Generation usually double, sometimes treble, but in 
cocoon-spinning sawflies it may be plurennial. 

%<mm usually bright-coloured, with 8 or 18 to 22 le 
resembling caterpillars but distinguishable usually by 
greater number of legs jmd by a conspicuous simple eye dl$j 
gach side of the head ; they are social, and after 5 to I 
ppultings spin a firm cocoon which is of .oval or oblong-mr' 
Ipba and often parchment-like in consistency. 

Pupation takes place in the cocoon about 2 weeks before 1 
. j The pupae are soft, and encased in a 1 
1 cocoon. ' ( - 

The larvae feed on needles and leaves ; they are often' \ 

Whep young, and when disturbed assume a charadfceris 
S*Hte attitude. The perfect insects usually feed on 
pome species {Cmbex) girdle young fceech-sboots probably ill 
ikmmiM areverv destructive.' • ‘ m 



ijophyrtw pint, U iPine Satvfly%<, 

'• " a. Dexcriptm, 

Mde with a, wing-expansion of 15—16 mnn; hyuy vmvm 
demon reddish at apex, spotted with white on the underside! 
the first segment; antennae doubly pectinate; hind-wfagli 
th a dark border. ' ^ 1 

Female with a wing-expansion of 18—20 mm,;body dullrf 
How, with the head, 8 spots on the thorax, and the middle! 


b 



1 


Fig. 180 . — Lophyrm pint, I.. 
a Male. b Female. 


f the broad abdomen alone blackish ; wings yellowish, slightly 
placate along the outer margins. 

Legs yellow in both sexes. 

Ibarra 25 mm. long, with 22 legs, changing colour as it 
^bmes older, finally of a dull green, with oblique rows of 
tae rugosities and a round brown \ Ad, and black semicolon*: 
l^ped marks above the prolegs, 1 ^ 

; jfcpa enclosed in a 10 mm. long, leathery, and usually 
.Swneocoon. - 

& Life-history 

Appear? in April and May, ahd again at Hie en| 
J^$y ; ’an4 jta August. Only the $ appears to fly. 1 Tb| 
Auch more numerous $ creep lazily along the twigs a$| 
*edles, The i in April and early in May cuts slits ix^o 
‘pots, pine needles with her saw-like oviposi^^^jM 

Jilkwbn yl jtrl U r.A Uilkv/i ‘lift i.inL Aallll 





• ; sne seals up eacn egg wip 


to'B weeks later, in May and June, and 
Jibae* of ike secondbrpod in August and September. They 
frequently moult, the empty skins hanging on the needles, 
The second l>rood hibernate in cocoons under moss, or o| 
stems or twigs. There is net, however, always a seeon| 
.^roqd, and the lame of the first brood may then hibernatii; 
Pupation takes pkp at the beginning of July* in a compact 
brown cocoon, among the needles, or in bark-cracks on th« 
stems of the pine. The 
.second brood pupate in i 

Match or April in cocoons k r . 

under moss at the foot of / 

the tree they have attacked, v 1 / 

[] HhQ.sawjlivs of the first \ 1 1 I \ / 

brood appear at the end of \ 13 j ) / Jj 

July or early in August, ilk A JS 1 / 1 ' 

about 2 to 0 weeks after f 

pupation. The insect when \ 
ready for flight cuts a cir- \ 

Jeular Jid off the cocoon. 

;If an ichneumon fiy should \Sr 

emerge instead of the saw- p 

Sly, a little hole appears at < ! - v, ■ 

%S end of the cocoon (0) P1 S' «n.-i>ii>e-.ie«iw 
Instead of the lid. The, .* ^ y $ 

Second brood usually emerge in April, but sometimes not til 
July, when the sawfiiesof the two broods become intermingle^ 
%0cncration double, .but frequently lasting over a year. .. I* 
biases it has lasted for 2 to $ years. The insect is ver? 
|bmmdn op the continent of Europe and in the British Isles* 
^|The naked, teie, are susceptible to cold and wet weather, 

- ^ ' V» ; V ' Ilf 

’’ 'fc Relations to Fornt 


The larvae attack the Scots pine, and prefer sickly pole 
pere the leaf-canopy has been interrupted, 20 to BO year 

TfeeoUca* Iiartig states that cocoons 8pua under va<m are doll brown, M 
Uic to® nilty ash-grey, dirty wbite, or juUowi«b. Even clean wfcij 



-fiOtoSOand more. When young they merely gnaw tog 

\Z 55 .—.; later on they eat them in short *3* 

Ciiel to the mid-rib, which they leave intact. An attack^ 



1%, 1S‘2. — 3 toeWlift of 
' . th« Pine «awfly on 
j*ino iMtfk. 



the pine sawfly may be at once recognised by the remainwi 
i|tewish, thread-like mid-mbe 

devour 1-year-old needles, a^d 
Scood brood those of the current year.- The larvae also gn* 
ihe solt yonftg hark in pateh<»,,often down to to V 
"After &e:<norm8jnarger poles are etnpM s m^^ 


, d, I*rnMm Rules. 

V i Maintenance oi healthy 
Irell - stocked Scots pine 
yoods, so that the soil may 
riot be impoverished. 

: 1 in Protection of enemies : 
cuckoo, starling, crow,,goat- 
pucker, swallows, etc. Mice 
and squirrels open the 
cocoons during the winter, 
and devour many larvae, 

Even the badger and fox 
eat the larvae and pupae. 

Many* parasitic ichneu- 
mon wasps and DipUr a 
/attack the larvae. Ho do 
spiders, c,g. t Stmtoda siay- 
-Jlhia, Cl. 

h Remedial Mmsvm. 
i. Collection of larvae by 
ipping or shaking them 
an the trees on to cloths 
>ad on the ground, in 
and June, and again 
tember and October, 
tan shaking the trees, 
to collect the , 
can cleat fifteen 25- 

9 ami., and such work is most efficaciotpi 


--Jji the mikning when the lame are slightly torpid. ^ 
S/% Collection ot cocoons under the moss in winter. Em| 
: be found generally near the base of the attacked trees 
| sometimesm masses 0 large as the fist 

— ^ - 2 — ^-^mber and October, when i 




Fig. 184. — lM»e-Rhooi 
by 2, pint, Lt *0 


L> ’ ’ tiee.) 


: pigs m j 



;|p^P" i 'a6TO"to hibemater^f 

’^s. 'whicii are too tough lor ttfeir taste, but cruali ftgfgg 
Ambers. 

ifeftanks smeared with tar may be put up to catch tfig| 
!$*», the tarred sides being turned towards the sun, aa<Jg 

tar renewed from time to time. 

V* Mixture of quicklime with the litter and then watering 
he heat thus engendered kills the larvae and pupae that » M 
1 the litter, and preserves the latter for the forest. Thi8| 
! :medy was tried with success on 6 acres of 12—15 bco» 
^ plantation with heather undergrowth, and cost 12#|; 

xi If no other remedy should be found effective, the| 
imaged wood must be cut down, and the roots grubbed upj, 
to in the summer or winter ; branches may be spread on tbe^ 
oil and burned before grubbing up the roots, and one 0£> 
Wp field-crops harvested before the land be rostocked with: 


-mes. , , .. . 

* Several other species of Lqjhyt'n* of generally similar habit®- 
^ attack Scots pine. Miss Ormerod* states that much, 
Srv was doiie in 1890 to three or four thousand acres of 
Gang Scots pine iu Argyleshire by £. rufm } Klug, the larvae 
If which are dull greenish-grey, with black heads. Hie flies 
ppeared in August only, and the V are reddish and t e # 

sack ; both sexes have red legs. ,, 

Sjflants 2 to 6 feet high were more subject to attack than 
In Germany the sawflies appear in May, and the 
$kk May^uly, to attack trees of all ages, but to prefer those 
^to45- years old, and one-year-old needles. It attacks th| 
£#■ well as the Scots pine, and appears to M 
; %Ug^|^^ation» It is not so common as l* pirn, p§ 
he treated similarly, . ^ 

f : fhe lame dt various species of Nematu (with lrprole$| 
$ pvolegs) also attack spruce^ larch, and pujqNj 
H%, has been very destructive to young Mg 
^ Cumberland in 1906*' V* larvae may be 

t gfey^ colour, with a darker medium pone- 
v also attacks larch ; its larvae are green. 



KHMft*;? {Ytoowim) 

Description of Family. 

v wooa-wasps uav© straight filiform or setaceous antennae, 
Always shorter than the body, and with 11 to 80 joints ; 8 larg| 
i-eelli ;; body long and cylindrical ; wings elongate with com- 
plete venation. Legs with double trochanter, anterior tibia* 
with a single apical spine. Abdomen sessile, with 0 segment^ 
Ovipositor elongate, projecting beyond the end of the abdomen 
said consisting of two lateral sheaths and a strongly serrat* 
Median borer. r .|J 

r* Generation lasting at least two years. Larvae cylindrical 
?,oft, and whitish, with G legs, and a spine at the rouhde$ 
•posterior extremity. Pupae soft and white. 
y The larvae live chiefly in coniferous wood, in which tfif 
perfect insects lay eggs with their long ovipositors. PupaticS 
also takes place in the wood, and the wood-wasp emerges by 
a circular hole. 


1. Si rex jncencus f L. (Sleel-bltie Wood- wasp), 
a. Description. 

The insect attains a length of 12 — 80 mm. ( d ) and, meludfii| 
vyipositor, 10 — 3(r mm. ( 2 ) ; thorax and abdomen steel-blue^ 
the latter in the S with the 4th to the 7th segment inclusive* 
|teUowish red; in 2 the steel-blue ground-colour of thj| 
abdomen is iridescent, with a coppery sheen, 
yellowish, with brown margins. Legs chiefly reddirf-yello^| 
Ovipositor shorter than the abdomen. Lana up to 80 
-ong, with 6 very small feet, white. 


b. Life-history, etc, 

7 in Jply bores the bark of the Scots pine, usually C| 
^tes in pole- woods, down to + the sapwood, and lays'an egg/'$| 
||ch bide* The larva eats out in the wood a curved burro^ 
^ circular lection ; at first it lives in the softer layers of &jj| 
^tepwood, but after the first hibernation it bores deeper Ixtim 
living on ’the resinous and starchy matters in thi 
tto dust of which it packs behind it 
filter a eecond hibernation, in the early summer of the 8n| 
" . fthamhar at the end nf the barte^I 



il&^lHae-wood bored by &e lunrrofc Sirexjuvtnm, $fc, 

^5 ’ ,J * fc«mi burrow* purity filled with bdfj^duet y Circuit 

&e four t& of %n inch in |iani$tei\ IHe gcnmiim tii 
^ least two years, and somelnnea longer; ihe wasps appe#^ 

t;.i(?metimeS attacks spruce asTwellfts- 











injured 'by deer, lightning , 
felled in the .growing season and hfcrippw! 
7f harkv '1&ey nttpg" *|tock 
^dually rotten wood, or per- 
^fcly sound standing trees. 

*iss Ormerod relates an in* 
stance where, at Workington, 

Cumberland, in 1889, 1,700 
"i. feet of silver 4r valued at 
$80 were irretrievably ruined. 

^’he damage done is economic^- y-g t i^.-Wowl-wasp iu the act o 
;%>t- physiological. boring, exposed by splitting tUo W0p4 

c^ Protective links. 

' Removal of all high stumps and broken wood. Felling 0‘ 
41 weakly or damaged poles and trees in the thinnings, a^<5 
•apid removal of coniferous timber from the forest, 

‘2, Si rex f/njne, L. (Yellow wood- wasp), 
a . Description* 

Imago 20— S‘2 mm. (<?') to 45 mm. (?) in length; black 
..ead with a large yellow spot behind the eyes ; abdomen ( <? . 
-^shryellow, with the first and last segments Jfiaek, (tj 
.jh with the 2 anterior and 3 posterior segments yellow,; 
blank, with the knees yellow ; ovipositor nearly as loi| 
;.,the body. 

that of the preceding species. 

; l>. Lifi-lmlm'ij, cfe^j^.v 

the" spruce, batii 
Its habits, ‘are the same ai 

--ii ’ rf ia' - toUrftMT 'tmi&M • inBritiSn, ' and . prefers Iarg; 

adopted to 




| '* " ‘ Description of Family. ’ ^ 

? i ' 1 , * 

ifmaym with straight, filiform antenpa% with IB to 16 joint$]:| 
m far hack on the crown of the head. Fore wings with on1y| 
"to 8 cells, with no stigma, and with 1 radial and 2* to &| 
^.hital cells. Borne species have no wings, or only abortive^ 
nee. Abdomen pedunculate, laterally compressed and trun*| 
;ie At apex, much shorter than the wings. $ usually very! 
«&ll. Larvae usually thick and fleshy, curved, smooth, whiter 
nd apodal. Pupae thick-set, smooth, and white. They are-jj 
ivided into l) groups : True Gai^wa^ps, Secondary G all-wasp# $ 
nd Parasite s. . '■ v ;’l 


' <■ ' * 1. True Gall-wasps, M 

The true gall-wasps bore with their ovipositor into leaves^ 
aids, shoots, fruits and other parts of woody plants, and thejS 
ogert one or more eggs in the wound. The egg hatches in: 
ue time and the larva lives in a ch amber formed in a growth*! 
= gall, often of hard or woody consistency, formed by the psov| 
deration of the surrounding plant-cells. The growth of 
»11 k not due to the irritation caused by the mother, but ,t$| 
He stimulus caused by the internally-feeding larva. Galfeg 
Hay he on roots, bark, buds, leaves, blossoms or fruits. They! 
-*y also contain one larval chamber, or many, the former| 
aing most usual. The insect usually hibernates in the gal||l 
Hrely under dead leaves. ' v 

jThe oak is attacked by about fifty species of gall-wasp, Aijll 
life ate chiefly found on badly-growing underwood in eoppuffl 
phigjh forest, This is probably due to the fact that tanfl® 
gall ', 

'^sijwW to birfls. &he consequent damage ig “ 

’4 attack is , chiefl|pin foliage.- • At "the 1 saihe 5 
pt hark* when very numerous on seedlings or 
^jtsv may eaase stunted growth* ^ecies,:oo' 



young oak plants. The galls* may he cut oi 
-pith a knife while they are still young and sof£ and if throw!: 
away they dry and shrivel, and the maggots within perish 
'titmice are very useful in oak nurseries, as they pick tin 
maggots out of the galls. & 

ij:It is interesting to know that in many species of gall-flies 
a wingless, hibernating, parthenogenetic generation alway 
alternates with a winged generation of both sexes. As al 
'example, the wingless agamic female form, Cynips aptera, $ 
hatched from galls on the roots of the oak, and hibernates ii 
the soil, laying in the spring, on the terminal buds of th 
^oak, a number of ipin f er tilxsed eggs. These c:iuse galls on th 
germinal shoots from which the winged forms of both sexei 
$C. terminals , Fabr., develop. The fertilised $ of this inset! 
.lays her eggs on the roots of the oak, and from them C . after 
Jis hatched out, and so forth, t 


2. Secondary Gall- Wasps. 

These are also termed Inqnilines , or fellow-lodgers , as the! 
lay eggs in galls made by the true gall-flies, and their larvc| 
. uee either parasitic on the larvae of the latter, or else meref 
'live with them in the same gal},*.#., Syne rg us vulgaris , Ht| 
dives in galls of Cynips folU, L 


8. Parasitic Gall-wasps. 

The £ lay their eggs in other insects in which their larvs 
e parasitic, and thus form a connecting link with tt 
hmmomdasj e.g>, Atfotria+erythvocephefa Htg. 

{Parasitic on the Bose aphis. 

ifess giv#W account df^e $»ief species 

11-waspa. 

i, i v ' 

, . r ,. ^ t .... 

t by faagjl; 

L ^ Cejiwaa,'^ pblfobftd to 1001* | 

^ehiwVL Imdw, aaKl th« ^k>r is now preppfc 

li- Vvjnrifli JHtlWl. MK.ui'y '■ '«&• 



I-~€BCip^it¥llBAB ,i/ ; : i * 4 iM 

■film "with long thread-like or moniliform antennae, withll 
i^v 1 ,36 joints, usually - with i: 

;>';:\, wiorl^ol hairs; body delie&te^| 

■ \ wings moderately large wit$|§ 

J rounded anterior border, eotiSn 

stricted at the base, often -J 
f iridescent, with 3 to 5 longk|| 

fcudinal veins; abdomen cyhn-i| 
drical, consisting of 8 segments,. 
in $ pointed and often furnished?! 
with a projecting tubular oviJ| 
*- positor ; legs slender, the tibiae^ 
^ unarmed at apex. "‘zr^m 

Larvae long fusiform leglessS 
• r ' ’ maggots, slightly flattened, with-p 

/,( out chitinous mouth-armature^l 
. but ’with a chitinous fork or^ 
“ anchor-piece ” embedded m|j 
the skin of the ventral surface^! 
usually pale yellowish or reddish^l 
The immjos lay their eggs in j 
^^.feedles,. leaves or bark, in | 
||? ’Whjutf the young 

g^Ste;-- ■ X>^L Arft i tonW 


rn ® ^ a M^riySmiiStl 


/ jeyeral species are eomm^ 


4 • on willows, . 


natnli^nla, <’ c JSui ^ 




: i fii i * 


f ? iVAvl \y. 


‘ *t j 4i «T !'-# y i r A ' 'm l i as ;lffL 4 ,iiM 


- ' ?£A 




m 6 


are all attacked. : Tft 
ttally through the ... bark/ in whiel 


April it ex^jppei ■ short irregultyi 
causes the appearance of spindle 
: haped swellings ^the bark and underlying wood, at least | 
||te farger stems, IraM eventually become rough owing to t^j 


detachment of the nark. Pupation takes place h 
|he same spots, and the emergence of the fixes riddles the bed 
'With smAll holes. .. ,f, . \|| 

This species is sometimes decidedly cOmUaoh and injuribl 
|p planted willow cuttings. The only Satisfactory treatr^ 


la the timely cptffeg-off and burning of. the infested 
fbefore emergenculf the gnats. 

^ The family of CeMdomyiklae also contains the Hessian-1 
%!. desist or, Say, one of the greatest of pests to cereal* crog| 
and various species attacking conifers, of which (J. Miner | 
pnsche., gives rise to galls on the buds of larch. Others pro 
|luee gallap beech leaves {C.fagi f "B tg.), and on birch ieav| 
§?** bduiae, Wtg. 


C. Hemiptera, 

\ < * '* a 

FaMIU’ I.— ApHIDIDAU {PjLANT-LlCKh , 









rbn the tree and lav eggs next spring, 
_jb some of the nymphs eventually beconi 
Mge# ■ back to the spruce and lay ,‘eg| 

and £ arise. The other wingl^i 
Isnefcie i continue, their life on the other tree®. 


1. Ohemes abktis, h, (Spruce-gall Aphis), 
a. Description, 

Wingless stem -mother, yellowish-green, becoming df 
hen full-grown. Body covered with white wool . 0 
Wellers bright yellow. 

Winged lice , 2-r2*4 mm. long, with dark head and hack m$M 
ellow undersurface. Sexual insects bright yellow. 


h. Relation* to the Forest 

The galls (in size from that of a cherry to that of a walnu| 
hich, result from their injury are at first soft and green- 
j j^coming later purplish-red in places and finally, when bar| 
Jaiid dry, brown. They contain a quantity of tannin. The! 
/size is characteristic, as is the fact that they are topp 
( With a sprig of needles, as long asfUr longer than^h^ 
fThis is j^e stunted young shoot. The injured sh< 
pa characteristic, curvature towards the side on which ,ih$ijj| 
^growing. The loss of growth may be considerable. 

|r The other hosts of this insect are larch , f 
Spfce,: and ra Bu$sja, the Silurian spruce./’ 

both in plains and in Ml 
[country, apd attacks young spruces especially in nurseries a® 

* " tor animals. _ lift r 

(hn't^e.bor^4reea,'bS^rto ; 20- year;old plantati^l 



Si willpi ' (See thb lof|f i|j 

8; Qhmms ^kep r :mm,[ * ' tv* '*ii!'M 

Swinged? , 1*6 ram. long, are dark red. 1 
a spruce by this insect are at first yellowish greeh,j 
^ lastly brown, bat are much smaller than. ’ib^ifc$| 
left#, L. They are also always on; side-Bhoots, and ^i 
never topped by a sprig of needlc$| 
Isolated and border giants are usuu 
selected. 

The intermediate, 4 hosts are 
common silver-fir and other firs. . The j 
winged emigrants lay their reddisi 
yellow eggs below the needles "of firs 
The browff, later blackish, wingless! 
plant-lice, which come from these eggs! 

weeks,, suck the needles and r | 
lay yellowish .or reddish-brown eggs ; | 
covered with wool, that hibernate.| 
1j$feee give rise to other* wingless| 
plant-lice in the spring, on %b youugj 
\ a. m* Jwigs, from the eggs of whilst re pkra 
^ duced winged , and wingless ? . Tb&j 
f^X‘ former fly back to the spruce and 

^^'ritd^ohthe’ silver-fir; ;'J?rom eggs laid by the fern 

# : ’;and'.;'t v ;i^8e. • ' 4 ' ‘ 

^Pioaeifcat remain on the siiver*fir c^ver ihe bark, whic^| 
J&b m ;if it ^ had been powdered. Damp pla 
^nd’are preferred.*. 




>r ffi&nklice bn the larch were formerf) 

known as 'Cheme* forim, Hail (tig 

4m & 0 ' ? * rR ^ r smaller 
preceding, blackish - brown, 
with a white woolly down 
V winged form dirty green^fP|S| 

JJmIKt Ho male is known. 


The wingless females pass- $2 
^SW/NyS winter on the larch, like those I 
ufabidia, Hart. They lay their egg 
^ 1 and from April to August the aphide 

k ™ sit and feed on the needles, whibj 

^ xbo Larob . fehoot become ■ discoloured and acquire r 

attached by { her mm _ J 

E,ut. {mural ttke.) peculiar elbowed shape. No gall r 

iaa^viNhg on the formed, fhey acquire wings ;® 

August and disperse to other JareJ^ 
^ ^ or to the spruce. ’Wben/theyjfi 

fondant^ the larches look as if they had been sprm^ 
ith mow, ’ 

5f 4, .;‘ ' c. Trmtmnt , 

,8|>byhi^ -yith : soft-tpftjpi limewater Jf 

. , 

•• — - 1 ^ v -' ‘ ^ w : ■ v ■ . : ■ * - . 



g$lN 
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Family H.—Coccidae (ScalSs-insects). 

Inscription of family, 

mm m “ lul ' e illsecis with moniliform antennae, of 6 to gfS 
^Wl^fostram rudimentary in tlie.J. $ with 2 or 4 meitoJ 

rifif 00 ? WI . ngB wl * ont 061,8 > ? > exce P l one apterous speciesS 
pfifodei rhaUdonii, Latr., swollen, more or less shield-shaped’® 
tarsal joint, lhe S burrow their beak deep into the plant-4 
jW“* an< * swe11 u l’ >wto spherical bodies, and in May . and J 
June lay numerous eggs on plants, and die on the eggs. Thai! 
egga hatch into $ and ? larvae that pupate in autumn or spring,'! 
Buigle generation. * 

f Tbo iulu e° s and lwva «. under the protection of shields ofl 
■nipam, partly composed? of fibrous secretion, partly of tbefl 
^st-off exuviae, suck the young shoots, leaves, bark, etc. of | 
r-sneetly sound plants, and cause blistering and disease in lbe/f| 
jgans which they have attacked. In this way, heath, spruceitz 
*4, ash, robinia, and other plants may be attacked bydiff*rent'S 

, .'Mi 

Jne most effective treatment known for nursery piants mm 
jfetsked fe to wash them with limewater in the spring, or cut fl 

? a ““ infeot0<1 twi 8 s - The plants may also be. treated ,11 
,aen practicable, -with paraffin emulsion or washes made 
;miing a soap with -boiling water, resin and potash. Tlml! 
^es may afeo he scraped off with a blunt knife, or rqugbJl 
i^h, and the plants Smeared with soft-wap and Water,^!® 
;hen scale appears on coppicd-shoots or saplings, cut and 3 




ffattisn below and highl; 
~|on.vex woutfr Is on the onder8|de of the bodj 

;|hd coinposet'of -three hair-like appendages, united to form < 
jOng euokiftg luhe; with it this insect pieces the harJlinl 
Abeks *tbe sap. She has no power of locomotion j Almpi 
.immediately aftdr leaving the egg, she covers her body witjh) 
white, felted, waxy secretion, which forms an excellent coal 
'impervious t<^rain. With#! this coat, she lives, lays her egi 
mi dies. % ^ 

; The larvae are very tiny and active, and scarcely visible I 
; the naked eye. They possess three pairs of logs and a pair© 
’antenna), and like their parent are yellow. They can mdji 
over the bark of the tree, but usually settle down under 
body of their dying or dead parent, preferring the deepe| 
parts' of the bark-fissures, where they remain sucking the’ 8#$ 
Each larva protects its body with wool, which is added to th| 
produced by previous generations. The secretion therefore 
gradually thickens and spreads over the tree-trunk, forming* 
more or less continuous mass. Larvae wandering over th< 
bark , are borne by the wind or by birds or insects to othei 
trees and, spread the infection. The larvae hibernate 
and eventually lose their legs and antennae and becomei 
parihenogenetic ? . 

; ;; Young and old beech trees are attacked, the sheltered side<$ 
exposed trees being selected, ^he attack sometimes lasts tc* 
years without apparent injury to the tree, while others die, tp 
foliage gradually becoming discoloured $nd thin and the smalleS 
branches dying, the bark peeling off the branches and trunk.1 
V In the extensive beech forests near Brussels, the absence oj 
thinning is said to favour the disease, and where thinnings art 
made it is generally absent. It is extremely rare in the beec| 
woods of the Chiftero Hills, which are usually over-thinned^ 
4 Bemdid As given above. . 

- henticrypkum, Balm. . , 

from O&trn by the ? swelling up < 



00;,m®Iiea68 aim m »- w Atf- j w V ”"* , »r? s pfffflj 

P which exiles them languish :t$B 9 | 
' several years. It- has done much^"^ 
damage to spruce plantations jgj| 
Saxony, and near Tharand was found^f? 
von mature spruce, which had ^ e $||| 
.injured by locomotive smpke. Thig jM 
insect is attacked by a parasitic weev|« 
(Brachytmw valins, Fabr.). Leca-~im 
nium fraxmi, Sign., attacks ash. .,.|g 
Another injurious genus of ecale|||| 
insects is Aspidioim, in which the £ >||| 
live under a coat formed of larva. - 
skins and a waxy scale, the $ under a jjflj 

L i M , _ Spruce ■ shoot Smaller **** « cale and 000 ^ BW ^3 
attackedljy LcMnUnu hvmi- Aspidiotus sdlicix, L., attacks pop“|^ 
tr\fp}ium> Dftlm. (Natural ] arg> billows and ash, and frequently^ 
r . kills black poplar. When crushed, 'km 

* blood-red fluid exudes from the mBectsJI 

’his species greatly impairs the growth of young ash; -® ® 


D. Orthoptera. 

Family I.—Gryllidae (Crickets). 

Desmpiion of Fmnlhj. / 

%he insects of’ this family possess a thick, free head, witp|g 
oug bristly antennae of many joints, and 2 or 8 ocelli ; hin^S 
liipgs folded longitudffraiiy, and projecting beyond the winj^ 
^aes, but often aborted, or absent, not roof-shaped in repose|| 
«ody cylindrical; fore-legs formed for burrowing; tars|® 
Jointed, Ovipositor long, sometimes absent* The specie® 
Sv&nce a chirping noise by rubbing the wing-cases together J|| 
'VThey dig holes in the ground, and live partly on larvae anil 

of 


rftiafei. 





Handa, used; for furrowing, llkej 
i;|^i,i)f''IS f ; |Sid^/Th^’ ( few - And nymph greatly resemble? 
;^^rfeot &edr% form and colour, but have the winge 
ndevdoped. ' * *‘ / ;‘ * ~ 

.•'i^Ef 

*m ‘ 



r Pairingtakes plape dnder- * 

■round, from the beginning 
*f June till the middle of 
r tily. 

v, The ? during the month 
n dune lays 150 to 250 
^ale yellowish eggs, as 
*rge as hempseed, in a 
»ole of the size of a hen’s 
jgg, and about 10 to 12 cm. 

?e}. 0 W the surface of the 
/ound, with which it 
communicates by a tunnel 
*r shaft* with a circular 
option. 

pTbe earth above and 
?ound the hole is rendered 
«ore compact by the saliva * 
the ? . The $ watches 
he nest carefully. and when 
*jst«rbed returi^p; it by 
tunnels 

^ Tbe young larvae appear after % t#8 weeks’, and remain » %q 
^spka in the nest j they then begin to burrow in the grduridjjj 
S tunes before October or November, and then hibernate! 


: V ■ V* ; * 

Fig. 192.—Tb<> roole-crietcet, 


a Perfect j 


b and e . 



et’anotlieryear, 

e. Relation* to tho Fmsti 1,- ‘ - m 

fl ,'hseet in ail it* stages, damages forest plants. It bitesj 
£,gh the Wts of foung conifers, ^ of '2 pm 
mte pine, when .1 and 2 yews o , w i pli S 

•irrows; which are about a finger s widtti m0 e -cri ctet alsol 

and beech before »* 
tt^flurfocoofth® ground, and the roots nf young broad-^| 
Wed seedlings, tearing the latter with its foie-legs. 



VifcAte.WIM andcgg^ of the mole-cricket. 


^fulbydestroybi 
h^Jbeen observed to 

ritf- loose level san$ 


Sitfen Ike other to 

.*■ VC',., ' \ 


mole-oricket is 

' The ?, 
)r own brood. / r A *:i 


'•& Prob'Mvfi BM. 

JjL Isolation *of seed beds by trenches 25 to BO cm, deep and 
: ^lde ; if flower-pots or* vessels with smooth sides be placed 
y th their tops level with the bases of these traps, many 
prickets will be caught “and may be destroyed. ^ 

:' ii. Protection of enemies. Mole, shrew-mice, crow, starling^ 
^ic. The larvae of ground and rove-beetles also attack mole* 
crickets. 


e. Remedial Measures, 

:<> -|f * , s 

' i. Destruction of nests in June and July. They may be 
discovered from the circular orifice in the ground which leads* 
down to them, and by the wilting plants which may be neat 
them. They are dug out, and trampling, pouring hot water? 
over them, or exposure to the sun wfyl kill the brood. , yjj 
. ii. Destruction of the full-grown %rickets in June, Grea|: 
caution must be exercised, as the creatures are very sliy| 
J|ist after dusk, the worker, who should he barefooted, ajft| 
proaehes cautiously the places whence the chitping arises, and; 
exposes the concealed cricket by a stroke of tho spade. When^ 
seized the insect emits a thick black excrement. : •!. 

iii. Ordinary tiower-pots, 2 yards apart, may be placed &$J 
nursery-beds, so that the crickets may fall in during th|$3j| 
Nocturnal rambles. This method is most effectual at ] 

*hfcte. * ". * , ^ ■* * . 

^/ty. Pour petrol, pr tar and turpentine in equal parts, h 
;he holes, and then water till the holes are full, in order |g 
drive out the crickets. At Seligstadt, 100,000 crickets 
d^troyed between June and August, 1897. 


Family II.— Acbidiidae (Ijoewto). 

of Family. 

<&f^lacai heads, the antennW ^drier tn^^ 
#th hot hibie ihan 25 |dlnts ; w? t^s tcmtshj^d ^ 
Sis&.the foiw-win^ narrow ; body laterally compressei 
^ ill^, usually witha lappet between the clawag 
|fej&en with &n auditor organ each side of tir 



and meadows, but also on the loUage'^&da. 

wees and shrubs, especially whenihey come 
they can then be extremely hurtful * y\\, , • • 

y^The commonest European species is Packytijhis m igratorius 
i*, arid its area of sub-permanent distribution is from lat. 40° 3Sf 
* rt Portugal to 48°- in France and Switzerland, and rising ea 
^ ^ Russia, Siberia, N, Japan, * Its area of oc 

distribution is wider, and it has visited England 
^ndinavia. It is^lso found in S. latitudes to New Zeal 
-^d Australia, and in Mauritius and Africa. Only an occasion 
visitor to India. * 

Aery <Unm peregriimm is permanent in Africa and tropical 
Asia, especially India, and occasionally visits the South of! 
Europe, and in I8G9, wag found over a large part of England ^ 

h Packytylus migratonm , L, (Migratory Locust ). 
a. JjemiyHon. 

y Imago 85 to 48 mm. long (<?), 42 to 55 mm. long ($■)$ 
floured greenish, or brownish ; pronotum produced ini ~ 
4wt point in front ; wings yellowish, or pale brown., aid 
/ansparent, slightly darker at the tips; chest with 
\Alts ; hind femora bluish on their inner side, with a 
M of the joint ; hind tibiae yellow, ; . *>■ 

with brohd brown bands on the froht i paif ‘ of 
and wingless until it has, moulted four times., 


ground- 8 ip; 4 cm<$eep, in groS 
ftsjHBie immediately aftk laying^ 
^tbodies ivkff odi^^ound show w^re -eggs |^ye;,;k 

fc\\ t > ,Uv l( , ;V if 
' a.JLo ■§% 


motion* to m 

^''t^ioriltural; . p^odime,"; scmietih| 



Asia* it occasionally spreads 
Germany and as far as Belgium, and even into 
'p :' While, however, devouring chiefly agricul- 

^ 0GB P^, jp are the young leaves and 
^nmnal buds of broadleaved Sees, though it but rarely" 
:Jrips off all the foliage of a forest. In 1880 , in Istria, chiefly 
alt and ash were attacked by it, other broad leaved trees 
-^hg. spared. Vit^.^ds were also attacked* 

& 'rrotectm Mutes. 

x * destruction of eggs. Very difficult to carry out on a 
arge scale. ■ * . * 

:iL Destruction of larvae — which is the best metliod. 

; They have been exterminated in Cyprus by an organised! 
ystem of digging trenches, into which the larvae are driven $ 
trips of cloth on stakes lead up to the trenches, and the’ 
ocnsfcs are crushed by thousands when the trenches are nearly^ 
dll, and then fresh trenches are dug. In South Africa, the; 
orvae, which may accumulate in masses, are killed by spraying 
viih coarse blue soap and water. The soap blocks up their 
racheaa and kills them readily. 

iri* Destruction of the full-grown locusts may be effected^ 
luring wet weather, when they fly with difficulty, / 


LIST OF DESTRUCTIVE INSECTS. 

p Mt is here given of all the destructive insects dealt *wiiS 
j this book* arranged according to the species of tree attache! 
|d the different organs of it which suffer. 

|tfhe following details are given in the list 

'f? tree attacked : root, bark, cambium, wood, budf j 
leaves, blossoms, hru%.and 
m-w&m A flie time when it k injurious! larv| 
the case^f Ortkcptcra r ot Hemipteraj 



tarn. 

All stages* 

Vertical gallery. 

;|M.) Forked 
,ja.G.) Horizontal „ 

JM.) Bndd$r „ i the clmroo- 

y , v.w' teristic form of Trypixlendrm. 
Stellate gallery. * 

- * 


I (Y.P.) Young plants, 

I ?. Poles. \\tfi 
j T, Trees. . y 

£ i, * Highly injurious. 

?• o slightly f ,, ■ ' < 

insects not marked with either of the; 
above signs are moderately injurious^ 
Those with the mark f placed after; 
them rarely occur in the# case 
referred to.* 


£). 1. THE SPBTJCE; 

.V' , - » Hoofs. * 

1, ; ' * * * _ j'Aae 

^Datupm mar g inaim. L. (Y.P.) 214 
:*tfryUot/d/Hi rulgari «. A. S v .. 369 
*JMclohmtha ml gar it. I*. 2 to 8 

summers, (Y. P.) 

* *M. hippwaxtani. Id 

1, AW«<* segetum, U B. ....... 

*; BAUK. 

J. (Y.P.) 


. 200 
, 200 
825 


yjtfyhbiits abirth. J. (YJ\) ... 225 

pMrL Id 202 

J’-, Pisnitdrg nvtatna, ' Id.f ...288 

i. (Y.J\ k P.). ........ 235 

JP* kmpiiae, 1. T 235 

i y$tn>j)hminm aoryVu I. (Y.P.) 220 

; Id. 220 

4 y ’ ? v- , Cambium, 

's&ylattes gudlmtu*. *'t & X, 

f )(F. &t.) 262 

yfylyeUlpkiltut pmjterda, l.k B, 

- (V,Hv)T,f ... 265 

h & B. (H.O.) (P. * 

271 

283 

: , 235 

-^hmpn'm '-' B. % 235 

I.&B# ; 

238 


Wood. 

n<*& 

IfgUrmtUA thrmegUfidatt. B&B.T. g}j£| 

Shrx jurnww. L. T.f m| 

S. gigas, h. (P.. & T.) 3$^ 

*Timirm Unmtm, I. & B, * 

o-o.) (p. & t.) 



Buds. ; 

* Liparix monaaha. L. (P. & T.) 310'' 

You NO Shooth. 

Cherm* afoHi*. A. (P. &T.) 

Barge galls 30 

*JIyU*bm fiftieth. L. (Y.V.) ... 22 

Jjcanmm heminryphum. A# > 

(Y.P. & P.) 36 

/ ; N«kmuw;\;, •; 

Qm ndmpiniartii. L (P, it &$M 
Lwanium hemicrypfwm. A; 

(y.p.ap.) 

* *Liparis mmarka. L. Trees of ; ^4 

all ages j. 

O Mdtthmtha spp, . I. (p. & g^jj 

phu perdu, B. (P. & T,)f ##! 
Unwin*. ' 1; (Y,P,)..,„. 'jf* 
StrOplmomtx pgryti 1 B (Y,P,).i| 

. rh^T:-^ ■’■r:r-rr^M 


.if. *, j ’ 



'.ww*** *mv 

' .* Wood, 

mi f’7 ' . ‘ 

Otfyletydm {kottuvktitle*, I, & L. 

etn \|,:^i, ; ^ 

200 * j° ? spp. L, (P. Jc T.) t , . . , . . . . ,3{ 

*Tumlcm Hmitm, l, k h, , 


£~wrpMnijffi^lgam. A. S. ... 


fts 8 summers ... 


Bake. 


(L.G.)T 3j 


D Chermx Mcciww *. A- (4\ & T.) 304 ! 
; *JfykMm abwtti. I. (Y.P.)f ... 225 j 
. app/ Ai ( Y . V . k P.) 307 [ 

*.' Pimdt \* fame , I. P; 235 j 

X)8tt»phomm otmn*. t. (Y,i\)f 220 

Cambium. 

Ihjlaztn palUMm. J. k L. 


(V.G.) (F. AT.) .,/. ;... 262 

Pixmkt phmte, L. (P. & T.).„ 235 
Tm i om ckaliUHfrnphm . 1. & L. 

(S.G.O’CP. A T.)j *..... 248 

T. Janet*, t k L. (11,(4.) (F. 

& T.)t 251 


Buds, ; 

Tortrm rujimitmm. L. T, ... 34 

Young Shoots. ’\'V ;V; 
OChtrnm «pp. A. (P, A T.) :.i "3( 
I t&Tophwvnm obmut. I. (Y.F.) 23 
.}. Tortrljr rufimitrrma, L„ T. ...34 

Needles. - 

*TJpam nwmoha, L, T.f ...... 8) 

O Melolontha app. [. (P. k T.) . . . 2C 
1 O Shnrphimnmx ohmtu. 1. (Y.P.) 23 
; *TortrU rufimUram, L, T. ... 34 

i Germinating Seeds. , *\ 

i O Agnate* app. L 23 


8. B0OTB PINE. 


» Hoots. 

,jjouipm mughiatm. L, (Y.P.) 214 
*&ryUvtal pa mlgar'i*. A, K. ... $69 
'‘tfehlfflthati pp. L. (Y.P,) 2 to 

3 summers 200 

^&dm teitigiuli*, L. S. ...... 322 

►$; Return, Id. 325 


*11, <tter. t (Y.P.) Near the' 

„■ cdlutu... 

ff , opaom . Id 

*Mgdophilm pinipordtt, I, k h, 
(V.G0 Trees of all ages 
*A. niirnr , l k L. 

Trees flf all ages 

. - , . L fJPb tsM not atm, h. {Y.P. k PA , 

W. iv.: ■ .:»“*• •’ .p-'f.pM. i<t ^ 

tHytdim <&&*». i. {Y.p,} ;s» *j». fty/Mn^L. op. *.*.) s£ 

- 71 , VvnattH . Id, 232 1 O Tom tout tvnMm & nhM *. J. k L. 


-71, pmatitn. Id. 

■ fyptymplti . L.(Y.p.4t p.) m 

. id. : - 

• I, (Y.P. ■& 


O Tomtom typ<% 

(V,G.) T.f ;/ 

or . amitim . I. 4c L. (P.G,) r & 

/V... ,,(«#.) £t 


vv.i.* '•■ tt .% WJ 




f ■: 


rr ^ iT ^ j4'' v 

i .. M * 

tot.' / A , /ttiiv.* 





^vwsmM W ;• 

.!&»«»# linmtm. • 1, 4} ,! L. ^ 

(p. & i.)t 

>yf ’■ iu/ds* 

$frtn>pwlia pirn. U (P.&'f.) 294 

pljoftm mmadm. Id 310 

reprise hmliana, JL. (V, P.& P.) 333 
i^yrionaw. Id, 33$ 

' 'YoUtiG SHOOTS. ■ , '/ 

[ ffitioMm nig rhm 217" 

liylvbm abjdi*. I. (Y.P.&P.) 225 

MkpinasU'i. Id, 232 

Mydoph Um pi ni per da , I, Pith 

of trees of all ages 265 

M. minor. Id 271 

-Tortvix hiolifum. L, Pith of 

. trees of all njjcs . 335 

f.fammW' h. (Y,l\ k p.)33g 
■'T^rmn.fllla, L. 2 ^ear*. (Y, 

. P. k J\) Beam-galls 339 

Vi. 

' ' NbKDLKS, 

bpachapini. L. (P. & T.) 294 

■/, '' '• 


,(£/& T.) ' • i « 

’ \*Lophyma pint, i*'’QuP, 

; Social . *. *> fl 

*L. rttfuxi 

♦AWsfr* ptnfyerda, i+.JV,kT;)$ 

■ ( 'N/teMjgiaiis. U 

QitMwtrvgut wUtijtiatit* -1. 

& T.) \’,m 

Strvj>htwmm curyii. I* (Y. P.) J 

, 8 , ohms, itl / \ 

& limbatm. Id 1 

IjfFLOitBSCBNOBf. ' 

0 Atwbhm abiet'm, L, 2l|'fil 

OMMmtfiu pdgaris. I. (P. ■ 

& T.) 

GEBMiiiAWNG Seeds. 

OAfridfof.app. X. .< 

The above-mentioned insects alsb'v| 
attack ot her species of pines, Snch as;^ 
1\ Strobux, LandOt Chuhta, 
but none suffers so much as P. *jj $\ | 


2 % 


Boom v ^ 

j&tgVMpa tulgark. A. S. >v ,' 
;]iUihkntha spji, L. (¥U\). A 

AtBlWiKtH * I *, 

h. S** - 

<S>V. I, > -, . ... 


t’rees ot ’ 

T ' jV b ' ' ? 


4. LARCH, 

Y. duthographm. I. k L, (S.O ) 

.1 (P. kl\) 

. Viand*. l.&L. (V.a^P.&T, 

^ ' • ' Wood/. ' ; 

‘ SlHxjmmcuL T, 3««, 

Tmicm Uwtifm. I. & ' -L \l\fr 

ir- <h.&04 &4^ii 

,r'‘ y Buds. ■ > -• ■: 'J'ti 

: Pmdmifiki Mlneri. L, Trees 
of J all ages . 







' v ; ; 

'Sfifjfflfatjfr mlgwlti : A , & . 361) ‘ ; 

^V A .v, ’- , BAbk, '\ ■ ’;*" / ' i( ;‘! 

, L (Y>.)fl 2Sfe 

^Wj*m crabrtt&t: (Y. P. & P. ) 11)0 ' 

umbu/m. / ;; 

Agrtlw vfridi*. L. (Y.P.) 2 ", : 


summers 211 

A. uygiiMm. Id.-j 213 


'JMytw httflad^, 1. & L, 
f (II. G.) P. and branches-}- ... 273 

W<K»t>. 'V 

i ja*\ 

'ikmtx amull li. (Y.T.) '2 

summers 29ft 

Htflenoelv* (hrmcxtoifk#. h, T. 2 lf> 
Tomirm <hmc*1jcw, I. & L, 

(1*0.) T. 258 

f* dkpar, 1. & L. (F.G.) 

(Y.P.) 250 

Xestobium temdatum, l.AcL. T„. Stl7 


WVWO 

, ' ' V 

; QAjMdi’rmrotyti. I . & 1* (Y. F. } 

' J y I/eaf*rulling .. * 

jmdthtnda. U (P, 

,,fc T.) 1 

1$. ahrywrrhm. Id I 

0#. Shmlis. h. (P. & jf.) ! 

OJTihraia di/olmria, L. (F. & T.) 1 
* 'Lipum wotywhd, L. (P, & T.) 3 
MeUhtothit wpp, J. (P. As*r.) r .* j 
, „ Orckattofagi. f.&L. (Miner). 

Trees of all ages T..*..., 3 

PbjlUtbim spp. (. (Y.P.) .,. v . } 

OEkholrorjaH solstitial}*, I. (!\ 

AT.) ;.. : ,3 

Q Rhyneh it fit ftp#, I. & L, (Y.F.) 

Leaf- rolling S 

fit mph osmium coryli. I. (Y.P.) 2 

8. obmis. Id 3 

Fbuith. 

Athom hfiemurrhindalU, J„ ,,, 2 
Orcheidcs fagi, 1. Unripe fruits % 


6. OAK 


Hoo' 

ipp.- h & L„ Gails ...., 358 
CtiylUUlpti vttlffari*. JL S. . j 360. 
fcfUtwtlu iqpp; ' j4.(Y.F.) v esp. 



j ^ Ij&UK,,,; ' ‘ ‘V *\ ^V' 

: 'A. (Y.f. a v.jrJiffi 
9ty)dp*.tpp. i.&u. c^ais ... ass 
I. (Y.IV)f ,225; 
(Y.F,.Ji F.) m 


. ' Wood. 

* • Otssus lifftttferda, 'L* T., 






Qft L. (Y.F.) 

O Jfykmctiis dermasMst. U )fe *$ 
Lpwxylm mmle. U T. ^ 
Tmhm dispar. I. 

; temlaimil f:’f. 

| y'*tT 

)• murtnd/ L< % ( & T. $ 



MM 

I;...'. »* 

"pMtihuV wwullMrtdt8> Id, 219 
iifflibyit jhtdibuydti. * X. (1** ^ 


v, llyhbhis airietti . ; 1. 

■' ' Jfatom WwfwiwA /X 
*P(ichytylm rngratorm, ‘Xv'W 

(YX)..,^: — 

fommw *#!>. X (Y-P<j *v M 


mw ■«*. «•< * , wnymmmw *Pl K ■*• v 4 -’*^ *v |?g 

'Sj/#fMr X.(_P. & B.) 310 i TetythorM witftfttffw* t, (Y.t «), ^ 

*pp. I/(K & X.).~ 


qurrm*. I. M X, 

■^ttpptvissed growth 283 

ip , i(S<je preceding section.) ' ^ , 

'YOUNG SUOoTm. - 

^wymbitn Hjjp. 1* ( Y.P.) ■ •»* 2B», 


li?teaiM. X 

yl, olmurm. Id .% . . "V* • 21 

Athom huemrvkoidalU, '• X, ... 21 
Bulauinm glwuli'HM- X X. 2$ 
O^ayw spy. X&X. Galls. .. . US 


/ lioow. 

Meklontfai spp. L. (Y.P.) 


7. HORNBEAM. jS , 

; ’ LiiAVES. 

i < ' X « * 

■ 200 1 limby* pudibmda. L. (P 


;;i ■ ;v ’ • Wood, 
f&mvu* dtipat, I. k X* 

(y.p. & ?.)...» m 

tewUtMH. 1, A X. 

21? 

'tflit; IRw xxv XEAvm . . 

wuMtria. Jj. (P, &T„) 302 

’ KU. ...... •- 309 

^Aindlm bnmatu* ’ 1 . 

^ “ wdfl defdiaria, 1(1, ... >.i $81 


kt.) * * 

j *//, vltryMurhuea. Id 3( 

X» W# uumicha. J Id 31 

Melohnfha «pp. I. Trees of 

all ages "M 

0 MliiwtnHfiw MlditialiH, Id. 21 

(Bee preceding seotloa.) 

*■ •'> ‘ > ■ ' : 'p’\A 

• Fruits. ’ ;\v/y« 

Alkim hamoi'rhmdaliC 'I*-:. ■A+2 


8, H£M. 


'noon*. 


;:: ; S 


Cambicm, •; 


' ’ ^mtpewf ...... 

G d&st Wt# X* (1 , > & .1 

' 'Buds and Leave!.- 1 ; 






a . '*• * I- 
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weakened • bjr previous mjirytir disease, nor i$Vi&;ib| 
p&r arising from them fee tmder^stimattfl amt.feis J| 
^aeially important as regardsVoniferous forests. 

|?be most effective means for combating insect attack^ 
in careful and cleanly forest management, and i$j 
pressing an attack at its Very commencement; once it haii 
J§bed Ikrge dimensions man’s efforts against it are alm*^ 
#erlesa In ordfcr that his attempts at rep^sion may & 
^sessful, fee forester must know the !if6-hii$iry and reli*ij 
~?4 to the forest of injurious insects ; for this purpoW,mer% 
^k-learnjng will not suffice, hut must be, supplemented by 


reful and continuous observation in the forest. 



PART III. 

PROTECTION AGAINST PLANTS. 




PROTECTION AGAINST PLANTS. 

Plants injurious to forests are either weeds that covtr the 
soil, or climbers and parasitic phanerogams or fungi, which 
attack trees arid forest plants. The following sections will 
contain an account of these dangerous enemies of the forest.* 

* Book# for reference on forest botany are : Dobner, Dr. Jfi» PL, “ Lehrbnch 
dcr Botanik fiir FoistmSitmer,” Berlin, 1882. Schwai tz, Dr. F., “ Komtlicbe 
BotfUiik." Berlin, J8W2. Thaer, Dr. A., H Die land will hschaftlicheu Uu kt a u ter 
Berlin, 1893 , Capital illustrations and di lections bow to exterminate weed#, 
Tbe systematic names of (he weeds are taken from Bewtliam and Hooker’l 
.^British Flora,” Oth edition, 1 8 # 7 . ■ 



CHAPTER I. 

•feftOTBOTIOir AGAINST FOBBST 

Section L— Genbbal Account, 

1. Definition of the term Forest Weed , 

J;Thb term forest weed usually comprises wild plants, wliiof| 
by their vigorous growth in masses more or less retard the: 
ievelopment of young forest plants. JBy extending tlA 
meaning of the term, shrubs, and even many otherwise useful 
creeps may be included, which when young injure the growth 
of the principal local forest species. When, for instance,; 
sallows or aspens spring up in large numbers in beeehwoods,^ 
3jr birches among conifers, or even the hardy and fruitful 
'ijr^beam in the pole stage competes too freely with beech, 
0' becomes necessary to remove these inferior species in? 
Raftings. More detail on this point is given in sylviculture^; 
% may, however, be noted here that the most numerous and? 
Jangerous forest weeds are woody plants of more or less rapid, 
beight-growtb, the most bushy ones, and those producing roo$i 
Juckers being the worst. In Burmese teak forests, bambo^ 
pl^i grow to lights of My feet^and more Sy’ithiu ; ’a::|e3 
teak /reproduction impossible, 
l^t gpegariouBiy/and die, or 'are, lallel 


Fgrejst Weedsc 

|lMowmg points 


^ *U*r sou. 




($} Belafciveamount of injury. 

It is highly interesting to note the changes which take place 
l, the constituents of the soil-covering in a forest according 
\ the specieg of tree grown, and the degree of density of the 
>ver. 

5 a. Structure of Stem . 

f: Weeds may be either woody or herbaceous. To the former 
class belong broom, heather, bilberry, hawthorn, blackthorn, 
brambles, elder, etc. : to the latter, willow-herbs, groundsell, 
belladonna, foxglove, grasses (except bamboos), sedges, reeds* 
and rushes. 

b. Duration of Life. 

y Weeds may be either annuals, biennials, or perennials. 

Most herbaceous plants, except some grasses, are annuals. 
Mullein ( Verbascmn ) and foxglove are biennials, producing 
foliage in the first year and flowers and fruit in the second 
year. This class is, however, rare among forest weeds, and 
all woody plants and the rootstocks of many herbaceous plants 
ire perennials. 

I c. Local Occurrence. 

-V ' ‘ r 

1" Forest weeds may be classed as belonging to the plains, to 

-^wamps, hills, or mountains. Of these, the flora of swamps; 
iud of high mountains are most specialised. 


d. Nature of Soil. 

r may be partial, or restricted to certain soil% 0| 
%f$iB to soils. : 

v||i^' : rbeferlcted class is divided into plants special to sanA* 
-|ay, loam, calcareous soil, or to peaty and sour soils. It 
remembered that the plants produced in 
by the subsoil and surrounding 
the; surface-soil, so that we must 
soil, for instance, occasionally:; 
Taiatejpechliar to other soils, 

i^difl^rejit^as^tp spil, and appear ed 



4h&' chiefly iing (Ca&um tiutgam, 

J^S iieatliet* (Erica), broom (Gyti&us scoparius , Link.), lyn|l| 
grass (Elymus arenarius , L.), maram-grass (Psamma aremria$ 
Beauv.), sand-sedge (Car ex arenaria, L.) ; Festuca glauca^ 
Schrad. ; Panicum glabrum, Gaud, ; etc. _ 

$foii day Soils: coltsfoot (Tumlago Farfarafli.), wound,* 
%orfc (Stachys palmtru , L.), marestail ( Equmtum ), cotton* 
grass (Emphorum), rushes (J uncus), , ^ 

^ On loam, on account of its favourable nature, very numerous 
weeds abound, such as all good meadow-grasses, bindweed 
. {Convolvulus), Veronica, etc. 

Calcicolons weeds are Viburnum Lantana , L. (way faringfcreejj 
^rock-rose (Helianthmum vulgar e, Gaertn.); Stachys gernianica, 
•Xu'; Rulms saxatilis, L. ; many Papilionacem, and of grasses, 
Mclica and Sesleria. '■ 

On rich humus soil : raspberry (liubus Idaeus , L.), balsam 
(Impatiens Noli-me-tangere, L.), hemp-nettle ( Galeopsis Te- 
Urahit, L.), black night-shade (Solatium nigrum , L.), etc. 
ji , On peats : we find mint (Mentha pulustris, L., etc.) ; bog 
' myrtle (Myrica Gale, L.) ; Vacciniitm uliginosum , L. ; Carex^ 
iMriophomn, June us, Scirpus , lousewort (Pediculam), doclf 
l0umcx) t loosestrife (Ly thrum Salicaria, L.), peat-mos* 
. (Sphagnum, sp.) , btc, % , J 

On saline soils: sea milk- wort (Glaux maritma,L. } Plwntagi 
i fnaritma^ L.), samphire (Crithmum maritmum, L.), marshy 
^samphire, (Salkornia herbacca, L.), salt- wort (Salsola Kali 
%) ? Armemmjggris, Willd. ; sea-lavender (Static*), &ea-hel§ 
liBrmm^ niantimim, L.), maram-grass, etc. 


’e.Minerd Substances m Ashes of Weeds. 

mineral character of the soil on which plants will thri^ 
'|laanot be- decided by the quantity of any Bubstanqe such;J 
cdtmn carbonate, or sodium 
to! their' ashes. Different parts of the same 

different ^opartinhs. at /.chemical 'etihs^^ 



IpKBfcy Heated, porosity, etc., h&s more influence 

; the growth of plants than its chemical composition, though 
: ~e latter has an indirect influence on the physical nature of 
K>ile. 

’• In the strife between weeds and cultivated plants, the former 
£ain ground by the easy dissemination of their seed by wind, 
yater, or birds, as well as by their superiority in the struggle 
for light and for space for their roots. If cultivation of the 
ields were to cease in Europe, it is certain that, in 100 years, 
>nly grassland, forest, or swamp would be found, according 
iO the degree of humidity of the soil. 

/. Demands as to Light. 

Plants are termed lightdemanding or shadebearing accord- 
ing to their relative demands for light, or capacity for bearing 
shade. 

r: Heather is a decidedly lightdemanding plant, bilberry 
{Vaccinium Myrtilhs, L.), a half shadebearer : the holly, 
juniper, and Daphne are shadebearing plants, as they flourish 
In dense woods. Ivy (Hedera Helix , L.) and butcher’s broom 
(Ruscus aculeatus, L.) are also even more shadebearing. 


g. Kind of Injury done. 

Weeds may overtop young trees and deprive them of light 
id dew ; they may constrict them, as in the case of th£ 
oodbine, or, like the bindweed, completely stifle them by 
/owing over them; they may smother and bend them dowsi 
|teh pressed on them by enow, as dead bracken ; or, like the 
eat-moss, Sphagnum , cause swamps. Borne weeds, such a| 
ip^erry, may form a dense mat with their roots, so that 
Steal regeneration of trees may be obstructed. 


, h. Degree of Injury done , 

may be classed as very injurious, injurious , or 
slightly injurious . Many forest * weeds are either 
icallv or indireethr useful. as will be flxniamed in thO 



' 8. Utility of Certain Weeds. 

■;« Some weeds are directly or indirectly useful in woods, ; 

£ Many weeds, such as grasses, are directly useful for f odder j 
thatch, or litter, or may be used by manufacturers, or fo$ 
faedicine. A full account of such plants is given unde$ 
forest Utilisation. The fruits of many shrubs afford useful 
food for men, mammals, and birds, ' f 

£ Weeds may also be indirectly useful in the following 
;way6 

■£ (a) Soil-indicator 8. Giving evidence of certain physical or 
Chemical qualities of soils. 

(b) Soil-fixers. Binding the soil on steep slopes, or 
shifting sands* (sand-fixing grasses), - 

^ (c) Soil-improvers . Enriching the Boil with their detritus/ 
and maintaining its moisture, reducing radiation, and 
.especially by preventing extremes of temperature in the" 
surface soil (mosses), other than Polytrichnm and Sphagnum . 

(d) Nurses , for young tender species in localities exposed to 
irost, dry winds, or insolation. Thorny bushes and weeds of 
’an erect habit, such as the broom, are most useful in this 
;?espect. Thorny bushes also protect all kinds of forest 
plants against grazing animals or deer, and afford shelter 
to useful birds. '£ * 

£ On these grounds forest weeds should not always hi] 
jextirpated, but only when they do ‘more harm than good, ^ 

4. Damage done by Forest Weeds. 

A. General Nature of Damage, 

"The damage done by forest-weeds is either direct or indirec|| 
«*ny weeds being hurtful in both ways. 

Wireetlyi injurmts are poisonous plants, in. Cut »d ' 
pjtermn, L., nightshade, or belladonna, wbiil^re hurt!’.:, m 
.grassing fh* towta. A dense growth. oJ blae|| 
pbi-. brambles, etc,,: is .also a gpre at hindrance. 

i»eeds;ie due 



mm * <n ■ 

^reproduction of the forest, as in the ease of heather, bilberry 
pii couch-grass. v 

ii. The removal of valuable mineral matter from the soil, 
^hich thus becomes impoverished, for instance, of potassium 
|hosphate in graBS-seeds. 

iii. Mechanical injury .to young forest plants by birch; 
|Spen, sallow, grasses, etc., owing to deprivation of light, heat; 
air, Jew, or rain. Lightdemanding plants are thus soor 
filled, and even shadebearing species cannot long withstand 
such injuries. 

/ iv. Injuries by smothering or constricting plants, as, it 
summer, by honey- suckle, clematis, convolvulus, wild hops, 
etc. In winter, by being pressed down on the plants bj 
Snow; bracken, tall grasses, etc. 

v. Retention of excessive moisture in the surface- soil during 
wet weather, and formation of swamps ; consequent increase 
hf damage by frosts : all peat-plants, and especially Sphagnum 
increase the swampiness of the soil. - 
; vi. A dense growth of grass or weeds may prevent dew oi 
light rains, which' merely dry off the surface of the weeds, from 
penetrating the soil, and is thus ver^ hurtful to plantation* 
■and sowings during droughts. This may be easily proved bj 
idiggfing up a sod and examining the soil beneath it. Besides 
•excluding moisture from the soil, the grasses, etc., draw u| 
|he soil-moisture from below and transpire it into the ait* 
that Idle denser the growth of grass, the drier the soi: 

vii. Certain plants produce a sour or dry humus which it 
Suitable for most forest trees ; this is the case with heather 
eeds, and other sour grasses, sedges, etc. 

I^iii, Shelter is afforded by grass and herbage to mice anc 

;dl^ecially , heather, increase danger from 

- ota»er r ,J?ngi, mat remove ®a$ 
|nn forest plants. ] They may be classified ag follows i 
^ Parasites gemmating 'abd : gromn$ living tissue 



P®$mch as ixMiP{GwA)t 
groundnut eventually attaching themselves to fqrip 
plants. * ■ v„ : i; ‘ ' 1 .* . ^ 

Parasites nourished partly by* their o,wn roots, and partly? 
by attaching themselves to useful plants. Broomrape! 
(Orokmche) on broom, furze, ivy, hemp, lucerne, etc/ 
Lathraea squamaria , L., on the roots* of trees, especially ; 
hazel, 

: ,xi. Ejnqihytcs. Lichens do not remove sap from forest 
-slants, but live on water, air, and rotting bark, but when 
Attached to trees they are injurious by blocking the lenticels 
Snd preventing necessary aeration of the internal tissues; 
They harbour numerous insects, and increase the weight of 
snow on the crowns of trees during winter. Trees with rough 
fcark, such as spruce, larch and pines, are most subject to 
attacks of lichens, which increase in number with the age of 
their hosts. The branches are more subject than the boles to 
Shese attacks. 

p/Incrustating lichens, such as Jmbrkana , llatysma , and 
yecanora are worse than beard-like lichens, llsnia, Evemm, 
and Alectoria. Lichens^o most damage in moist valleys and 
ip crowded woods. 

/ xii. Some weeds serve as hosts to injurious fungi, which 
may afterwards spread to forest trees or to agricultural crops. 
;!any parasitic fungi are most frequently found on weeds, 
or attack agricultural crops only after passing one stage 
if their existence on a weed. , , . , ;i f 2 

Thus, certain grasses— e.g., Anhenathenm and' Avemp^i 
spread certain kinds of rusts on to cereal crops, such 
Jfek- cmefy Tub, and Ustilago carbo, Tub Puccinia 
J^^ Bers/ on wheat comes from A^idimn BerheHdn on the; 
jtberry ; and oat-rust (P. coromfa, Corda) from buckthorn^; 
Jrpsters should always look with suspicion qn any fungt*| 
Rearing on. wild plants. 



prevailing system of forest ffiftnagem#^ 
,__J the state of the weather during the growing season. In; 
the second place, by the species of tree and age of crop. 

Weeds are disseminated chiefly by winds which carry light 
seeds and fruits by millions, aB, for instance, the fruits of 
Composite; many birds, especially thrushes and blackbirds, 
disseminate seeds either by pecking at the ripe fruit-heads and 
causing the wind to disperse the seeds, or by eating the fruits 
and voiding the indigestible seeds. This is especially the case 
with hawthorn. Other birds, such as finches, eat the seeds bf 
; inany weeds and are sojfar serviceable. Hares, deer, and other; 
animals also carry seeds about in their fur. The seeds of many 
: riparian plants are carried down by streams and inundation^ 
i. Damage according to Species of Tree, 

Slowly growing species are more easily injured by the 
growth of weeds than fast-growing ones, and of these, light- 
demanding species suffer most. The vigour of the weeds is 
greatest on the most fertile soils. 

The following scale shows the degree in which the differ#? 
trees suffer from a strong growth of herbage. 

Suffer most : — Osier-willows, elm, ash, maples, sweet chest* 
nut, silver-fir, and spruce. 

Suffer less : — Beech, hornbeam, and lime. , 

Suffer still less:— Oaks, alder, tree- willows, Scots and Blacl 

pines, and larch. , . j 

Suffer least .—Birch, aspen, poplars, sallows, robinia, species 
pf S orbits, Pyvus, Primus, and Weymouth pine. 

S/This scale, of course, will vary for different localities which 
init certain trees better than others. 

ii. BjsrKMs of Management. 

... high forests with natural regeneration, or artificial^ 
planted undercover, the soil is not so liable to become covered 
the clear-cutting system, which favours thi 
||®6ad of, '.weeds in the highest degree. -The Bhelterwooi 
igmapartment system, also, if not vety carefully manage| 
l^hietimes gives rise to masses of weeds^on the felling-are$|| 

after a 'miM 



timer “Tfti 
^$stone rock ; balsams and 
^genista on sandy soils— spring up in masses after ai 
jtling. This can be explained only by a supposition that 
lb seeds of these weeds remain dormant in the 'soil, and 
Emanate only when the removal of the trees allows enough 
bat and air to reach them.* Jhuming, or the thorough 
timing of branch wood on the soil, after a clear-felling, may 
^stroy seeds of weeds in the upper layers of the soil, and 
nds keep it free from weeds until it has been restocked with 
jrest growth. 

1 iii. Age of Wood, 


US, f 

willow-herbs on basalt ; broonii 


Forest trees are most endangered by weeds in the first few 
ears of their life. Forest nurseries and cultivations, there- 
to, suffer most of all, and of these, sowings and natural 
ogeneration-areas more than plantings. Where weeds 
bound, very small transplants should not be used, and 
.bquently four or five-year-old plants are preferable. 

■pome poles and coppice-shoots, and especially osier- willows, 
|e attacked and frequently killed by climbers and parasites. 
In tropical countries, trees of all ages are liable to be lolled 
f .the strong woody climbers and twiners (lianes) which 
oound in the .forests of these regions and attain several 
iet in girth. These lianes may mount to the top of the 
ighest trees, depriving their crowns of light and bending 
Own and breaking poles with their Weight. The twiners also; 
district trees, moulding their stems into corkscrew shapes? 
pin the case of trees with a sapwood, the passage of sap‘ 
3i$e So interfered with, that the trees are killed. 

4 


iv , Locaeitx. >■ 


fertile, fresh, and moist soils, especially on basalt* prodcu^ 
#e weeds than soils over dry sandstone rock, '. Damp afe : 
rjaypura' the, growth of weeds,, as pan ; |p 1 




DESSlTt OF FOREST GROWTH." 

fpThe growth; nf weeds which have taken 

pil after a felling, makes way far a covering of moss, neediest 
hr dead leaves, alter the forest has been reconstituted. When] 
age again begins to open out the wood, or when, owing to bad; 
management, or to accidents, thin places and blanks appear,] 
weeds reappear in direct proportion to the amount of light 
Admitted to the soil. 

vi. Weather. 

Damp warm years are most favourable to a growth of weeded 
'and- during such years tender forest species require little or; 
no shelter. Hence for both these reasons weeds are thex| 
most hurtful. 

; , ' vii. Habit of the Weeds. 

• ' Perennial weeds, and especially those which produce rooty 
suckers, are much worse than annuals. Also those with de$f§> 
foliage and those which are social over extensive areas, or] 
gregarious, in patches, injure forest plants more than scantily' 
foliaged and solitary growing weeds. Species such as black-] 
thorn, aspen, and forest- willows soon get the upper hand ofi 
Other weeds. 

Weeds which by their decomposition yield dry or acid humtijf 
are also hurtful, as they produce soil unsuitable for forest 
vegetation. Dry humus formed of lichens, etc., contains littl|; 
carbon dioxide, easily cmmbles, decomposes with difficult^ 
^nd absorbs very little "water. Acid humus, on the otbet| 
;hand, formed by sedges and peat-plants, injures by exhaling 
$narsh-gas, and by containing certain organic acids that ;irg 
[§oirimental to tree-life. 

5. Protection against Weeds . 
a. Preventive Measures . 

|fhe lor keeping down forest weeds should; 

RfMAIliftBNAKCB OF THE BRK^TY OF THE FOREST. 

Great care must be taken in the shelterwood systems^ 

III liable that-ihp/fetlings are not too oppH 



Moderated Long Rotations. 

pong rotations should be avoided, and woods of ligb 
WMoak Scots pine, or larch), should 1 
granted at the right time with shadebearers (beeci 
to-fir, spruce, Weymouth pine, etc.). 

^'Protection wood is to serve its proper purpose 

dry th 1 e D ! r 0 il dUCed ^ Sprang Up “ d hel P £ 

Kap ' 1 ’ Ksmahtiko op Cleared Areas. 

jiear-cuttings should be rapidly restocked with strop 
j,«nsplaiitB planted closely. 

iv. Maintenance of Soil-Covering. 

T n] - 6 t oi . l ' C ° V ® rin R of dead ’eaves, needles or mosi 
^uld be maintained, by keeping up a dense cover, and In 
^eventing the removal of litter. 

wiv' 

fv 1 v. Drainage. 

Sh0Uld , be 1 C ? rried out 0,1 ver y damp localities, 
©fore they are re-stocked. , 

i vi. Grazing. 

)A dense growth of heather. may^: kept down by sheep. 
atUe are useful m young deodar woods, with a dense growth 
..shiuba, which grow most luxuriantly in the Himalayas. 

L Roles for Forest Nurseries. ’ 

fields- The seed-beds mi 

l&uS Sh ° U f A 1 arefully wee M m Iwad'belore Hi 

,=ds hloseo^, and during rainy weather. ; Burned sbdl 
ised as manure. as £)»« ■* . , <4 


used as manure, as this < 



plants may' be cbvered with: -moss; 'i!6£| 
leaves or sawdust. Tliis prevents the soil from caking and 
Retains moisture near the surface, and thus replaces eompletel| 
the expensive processes of working the soil, weeding am| 
watering. In damp places, burned compost introduces liveft 
wort (Marchantia polymorpha, L.), but this does no harm $ 
^e plants. 


b. Remedial Measures , 


* The nature of remedial measures to be adopted depends 6i| 
the habit of the weedS, their degree of development, and the 
nature ©f the locality. The simplest measures will ofte$j 
suffice, but sometimes special measures must be taken $9 


follows 1 * ‘ 

i. In order to remove too great a soil-covering of grass an| 
herbage, cattle may be admitted, or the weeds may be pulfe$ 
Up or cut down, always before the blossoming period. ' S 
very bad cases the hoe or plough may be used all over the 
area, and the land made to produce a field-crop before bein| 
^stocked with forest growth. The cutting of grass an| 
herbage may be profitable, or the cost of the operation at leaij 
covered by the sale of the produce. The weeds when mix^§ 
' with lime may be collected into heaps, and then yield valuabt| 
manure for forest nurseries, or they may be burned and tL‘S 
ashes spread over the soil. 

ii. If the soil is covered with short woody plants they m«g 


be mowed down or pulled up, as in the case of heather ; rasg 
berries may be simply beaten down, and softwood such ^ 
sallows, pulled up, or cut off at about one foot from the ground 
or the woody plants may be girdled close to the ground. 

this cutting should be done in July, at the height of tfi 
growing season, when the power of reproduction is least 
as there is then least reserve-material in the roots am 
ihissoinee* In coppice and coppice- with-standards,"%fert^ 
species such ’as blackthorn should be cut out several ye^J 
hefore the underwoo^ is felled. Binding tightly suckers: 
Shoots of woody weeds with wire is sufficient to kill them. ^ 
hi, To remove from .trees the coating of lichens and i&m 



tttif ;be 4a shown' in the figures f‘hnlt^W| 

ytflij only be done for specially valuable trees or in orchard^ 
j.mixtrfe twenty parts by ^ weight of wood-ashes with oa*Q 
carbolic acid may also be used. This is boiled and| 
jeered on the stems with a brush, and in a few days’ time^ 
1! the lichens will fall off. Limewater has the same effect,^ 
mixture of jLlbs. of blue stone, 2 lbs. of lime, and 80 gallohfN 
I' water naay®o be used. It is best to remove lichens offjj 
^(8ays insgrmg, or autumn, as, thus, numerous injurious^ 
meets are also killed. f ^ 

,.iv» In Indian forests, woody climbers are cut periodically;** 



;i especially two years before fellings, as they then rot and ,, 
a longer bind trees to be felled to others intended to remain -i 


y ; ' Section II.— Special Account. 

' Jhe following is a list of the weeds mosthur|ful in the forests ;| 
t -p|tral Europe, with an account of the special means oil 
fating them. It is best to consider them in order of thei|g 
glands on light and the amount of injury they do, and v iio|| 
their systematic botanical arrangement. 
Iljemilowing groups occurs-*' ; ‘/'JV;'* / t 

Mf r Ligktdemandm t which generally spring up on blank|| 
felling-areas; i 

wqm t ai: wm* 


"Springing up in morb or less closed woodsy 

4. Weeds of wet or turfy soils . 

•5* Lmm. • ../■ 

6. Parasitic phanerogams. 

1. Weeds acting as hosts to injurious fungi. 

In each group, first the woody Species and then heroaceousn; 
>nes will be considered. 

1. Lightdemanding weeds. 

M ^ 

These weeds injure forest plants by overtopping them and 
excluding light and other atmospheric influences, or by| 
occupying the soil wi% their roots, or in both ways. Thej| 
tnay also produce a humus which is unfavourable to foresfe 
growth. 

* ; a. Broom ( Cytisus sroparius , Link.). 

This evergreen shrub attains six feet and more in height#! 
ind prefers deep sandy or loamy soil ; it springs up on clear-;; 
ings in mild localities, and is found throughout Europe. The^ 
teed may remain dormant in the soil for many years. It may^ 
be submerged in water for several decades without losing it&Jj 
carminative power. Burning undergrowth often results in| 
lie germination of dormant broom seed, and in the ArdennesjJ 
inhere basic slag is put on to heather soil, a dense crop ||_ 
broom often results. 

Broom, when not growing too densely, may be useful 
Iphng^broadieaved plants, such as oak-saplings and stool* 
shoots, 'by affording them shelter against frost, but a dengf 
jjrpwth of broom is very destructive to one- and two-year-alS 
fine and larch sowings. 

Protective Measures. 

^ It is best to. uproot the young broom at its nrsc appearance* 
Sir, ft may be cut off at mid-stem, when the stems dry up and 
|p apt, shoot out again. This plant, as well as all other weeds; 
ipalct bereiabved before the seeds are ripe, in this case || 
^ly. Its removal may repay the cost, as it is used for 
|^e|,' and- jior or thatch. It may r ^ 



regular crops of fcroom are culttf&ST^W 
•t^lions ol five ox six years, and used for fuel. 

b. Furze (Ulex). 

rlthwe are two species of furze common in Britain, Ukx 
^opacu&C L., and V. navia, Forst. The latter blossoms in 
He autumn, when the larger species is in fruit, the former hi 
spring andfearly summer. . , . rj\ 

fin order to clear furze from tracts that are to be planted, it 
1 beat to burn it in the summer, and then cut down the 
mrned stems. It grows slowly from the rootstocks, and a 
iOW plantation will come away from it. 

lliere are several species of Genista, termed in England 
lyer’s-weed, needle-furze, etc., which may be treated like 
#D 0 m, but are never so troublesome here as on the Continent 

f •' V c. Wild Briar (Rosa). 

There are several species of wild briar, the commonest beinj 
itysa canina, L. They spring Up wherever the soil is not to< 
both in plains and hills. Their great power of sending 
|it suckers renders them very injurious to forest growth, an< 
| xq best way to get rid of them is to dig them up by th< 

$»ots, , 

|l' ■ d. Common Ling and Heather. 

Ling (Callnna vulgaiis, Balisb.), Scotch heather (Erk\ 
“4ji mrea, L.), and cross-leaved heather (E. Tetralix, L.), as wel 
ifi Other species of Erica , cover large areas, the first chiefly ij 
l^ntral and Northern Europe, the second in Western Europe 
5pm the south of Spain to Norway, and the last to the wes 
^ Southern Europe, but in the north extending eastwards a 
-^IsSweden and Livonia. They grow in very variable soilf 
prefer sandy tracts, especially when poor and dry. /j 
^mant growth of heather is a sure sign of a poor, shallow 
^dy soil, or of one that may have become impoverished b 
management. Heather is injurious; not only by filhri 
-Jp ground with its ropts, and excluding' atmospheric infli 
JtC^s; but also by producing as it decays an unfavour&y 
hh only;;pines^- birch" *fcd aspen fh^., ; It| 




ghelter of tree-growth attack and destroy heather* 

I' 1 Heather reproduces itself chiefly by seed carried by the 
Irind, and less by suckers and shoots. 

Protective. Measures. * 

:’i Maintain' a close forest growth, 
ii. Graze the heather down by sheep, but this can be done 
|>ply asdong as the heather is young and tender. Old, tough 
. 'heather will be eaten by 
only as a last re- 


source ; they will prefer 
|young forest plants. 

\f ;< iii. Cut down or mow 
|the 'heather, specially 
| Strong scythes being used 
for the purpose. This 
Should be done either 
pearly in spring or late in 
^summer, in order to keep 
lihe soil somewhat pro- 
•jfected^against the heat of 
Rummer and the winter’s a b~i inches; 
jffrold. The material may 
p>e used as fuel, thatch or litter, or made into brooms. 

|| /iv. Burn the heather in situ. Th^ may be done when 
|$|ere are no forest^ants in it the destruction of which should 
$ avoided, or immediately after*a coppice felling. Fire-traces 
II sufficient width stibuld be made around the areas to be 
ihrhed, and the burning should be done on dry, still days in 
inarch or April, the fire being lighted to leeward, or downhill, 
closely watched. 

The groundmay be stripped of sods containing the roots 
I the heather, ^hd a crop pf oats or rye produced, if advisable^ 
ore planting it up with Scots pine. The mineral soil must be 
•osed, so that the plants’ roots are not in the sour humtie* 
e instrument shown; in Fig. 197 is used for this purpose, 


t, Pierced*, 



Fig. 197. 
c d = 10 inches : 


| a = 60 °. 



II “ e WO species of bireh (Betula dba, L., and B. pul 
pglurji.) ascend to 5,000 ft. The former is indifferent 
Ipils, and the latter prefers boggy ground. They are som 
feortfnl in coniferous forests, as their hard, whip-like br: 
||feak off the tender spring-shoots «f conifers. Owing i 
^rapid growth when young they may be also prejudii 
«pung oak plants, but may act as useful temporary nui 
! atter a 8 ainst fr 08t and drought. As birch has a nun 
eollum-buds, it should be cut below the level of the so 
'does net usually produce suckers. 


: / Other Light damndimj Weeds. 

\ * jest remedy for the remaining lightdemanding 
as to effect natural regeneration of the wood, or to reph 
if clear-cut, as soon as possible. They are St. Min’i 
I Hypericum ) ; balsam (Impaticns Noli-me-tangere L ) 
jgrows in damp, fertile soil, in masses often a yard big 
over large areas; willowherb (Epilobium angmtifoUnm, J 
tamlajr soil, the seed of which appears to remain latent 
long time, and is carried far and wide by the wind; groo 
\8mcio), "springing up in masses on sandy soils the 
carried far by wind (these plants also act as hosts to par 
fungi); hawkweed (Ilkradmi)- Atropa Belladonna, i 
fertile damp soil in shady mountain forests of Europ< 
■ (Himalayas), is very poisonous : foxglove ( Digitalis ) 
grow in such masses^ that the hill-side appears red, 
species, D. purpurea, and the yellow|one, D.grandi 
?rhich is not indigenous in Bigtain, are pdtsonous; Verbal 
tepr species found on dry, stony ground; nettles {Vrtica i 
U , an annual, and the perennial nettle, with strong rhiz 
are frequently troublesome in forest nurse 
j)wood-rush {Luzvla), four species common in mountain foi 
v Grasses deserve a separate paragraph. The most com 
injurious kinds are:— Species of bent-graM^omfo); 

lu, and A.fiama, L.+ Melica ciliata, L.; sh, 
fwa, h.) t ma Other species of fescue; co 
«*- ' -ypgryM (Tritmmyrepen,, Beauv.) ; b 



( MiUimi L.) . Grasses with fairly 

||bload leaves grow on deep, moist, fertile soil— they are termed!* 
Vllamjraser, ip German. Angergrciser is the term applied to 
pparrow-leaved grasses, that grow on shallow, dry and poor soil;, 
f The damage due §-a dense growth of grass is of several 
Slrinds : the soil may become matted with its roots, which may;; 
prevent the seed of forest trees *from reaching the ground;; 
;young growth may be choked, the soil dried up, or moisture; 
i kept in, and frost increased ; damage may also be done byi 
mice and insects which shelter in the grass. When grass 
-grows densely, it is a sign that the forest is too thin and, 
admits too much light. Twitch flourishes in sandy soils^ 
• creeping in all directions through the soil and filling it with" 
rhizomes ; it may even penetrate roots of living plants, and| 
thus interfere with their growth. 

Weedy places may be treated as already stated for heather , i 
and are best recruited by means of transplants. Twitch is got 
rid of by repeated ploughing, and by collecting and burning its ; 
rhizomes ; three years’ grazing on land where it grows is very, 
pseful, as finer grasses then gradually replace it. > 

In tropical and sub-tropical countries, the dense growth of 
grass, frequently exceeding six feet in height, is one of th&| 
most^erious impediments to forestry. Such grassy tracts arC| 
burned annually, the fires extending for miles, and wherevef| 
the grass borders on forests, or in the form of savannah If| 
intermixed with thinly stocked trees, danger from fire occutf$| 
during every, dry season, ^ 

. 2. Half-shadebearers. 

These are all woody plants, except ferns and mosses. 

(a) Blackthorn (Prunus spinosa, L.J is common on mois*p 
loamy, and clay soils, and on marls, and ascends to 8,000 feefl 
in mountains. It stands frost, better than hawthorn, an^? 
^places it for hedging in very frosty localities. It sends oufe 
mots and stickers, and has a spreading root-system, and does! 
$uch harni in regeneration area#and among coppice. It is« 
jfwfc In dig it up by the roots in clearings, or cut it back! 
pveral years before the coppice is felled. ^ 

^h:BramMr 0thti There ate numerctf# 



’letl&s Of this species, termed uimjjiutjrcj ufaewoeii 
fishes, the latter (E. camus , L.) growing in moister lOcaliiiii 
"h the common blackberry, which prefers well-drained soi 
hedgerows. 

grmbles frequently cover large arlH- in frefeh and moi 
sending out new suckers every year. To keep dow 
Sfcbse widespread pests of the forester, seeding-fellings shoul 
|e dark. Admission of cattle is also useful. In case there l 
# growth of brambles on the ground it should \ 
Irampled down round plants that require protection, or l 
^eaten down with a billhook. Brambles should be cut as litfc 
I* possible, as this only increases the production of sucker 
Plants which they are crowding should be set upright, an 
their branchlets placed over the brambles. If this be dor 
earlyin the summer then little will be needed in the autumn* bi 
it may be necessary to repeat the operation the succeedin 
par; by the second winter, the plants will probably get out < 
pach of the brambles. Cutting or digging up the brambk 
Jjj* expensive, and not so effectual as the above procedure 
|wbere a reproduction area is overgrown with brambles, an 
|here is little natural regeneration, it will be better at once t 
Pant up the area. 

f\ (<■) Baspberry (liubus Idaeus, L.). This grows chiefly o 
jfpfcile but stony soils rich in humus. Its habit is straigfii 
|jid it does not produce such dense growth from suckers a 
fhe bramble, but may become dangerous, and should then b 
toated similarly to the latter. Grazing has a very repressive 
the growth of raspberry canes. 

jj*-’"'" d. Hawthorn {Graimgm Oxyaeaniha, L.). 
Biawthorn is not particular about locality, and is widel* 
up to altitudes of 8,000 feet. The rich shoots am 
tsive root-system ol this slow-growing Shrub, which attain 
^ t of 20 feet, are destructive to young conifers, but i 



f S/heafij 



arid other enemies. . Where it is hirml^f 
j8>' young growth, it should he dug up or cut back in cleanings! 
fjand thinnings. Various thorny bushes in India similarly 
;§dford great protection to bamboos and other valuable specie 
3n graced forests. 

e. Other Shrubs and Bushes . 


The wild gooseberry-bush {Riles Oro8sularia y L.), elder 
| Sambueus ), guelder rose (Viburnum Opulus, L.), wayfaring 
tree (F. Lantana , L,), the spindle tree \Eubnymtis e.uropaem, L.), 
•and privet (Liyustrum vulgar ? , L.) are widespread, the latter 
and Viburnum Lantana , L., chiefly on calcareous soils in hills* 
Hone of these plants are, however, particularly hurtful to 
young forest growth, except the herbaceous dwarf-elder 
(Sambueus Fj Indus, L.), which grows in masses from rhizomes! 
on damp places. Daphne Mezcreum, L., is a small shrub 
growing in hilly and mountain woods on damp soils, and is 
highly poisonous. 


/. Forest Willows. 

Sallow (Salix Caprea, L.) flourishes, especially in beech 
woods, on fresh soils in plains and hills, but will also grow on. 
dry soil and in mountains up to 5,500 feet, attaining at tinafll 
the dimensions of a smalhtree ; it sends out numerous stool! 
shoots,, but has a shallow root-system, so that it may be easily; 
pulled up by the hand, as well as the other willows mentioned? 
below. Its heartwood is bright red. 

.^Sallow takes root any where, . even on exposed rock, and! 
|rows about, six feet in height in a single season, so that it 
extremely injurious in young plantations. 

tinerea, L., a variety of the sallow, is a smaller plan! 
a shrubby .nature ; it sends out suckers on damp soils an|j 
|long water courses ; ascends to 3,000 feet. 

amrita, L., resembles the sallow in its habit, but s«Sd|? 
jt suckers ; it ascends to 5,000 feet, indifferen t to wet or dry soilfe 
^Salix repep$> L., is a small, straggling bush, growing chieflyf 
g^turfy end, heather land* end also near swamps ; ascends te: 
|[f00 feet. 

these Willows when hurtful to forest in*owth should!^: 



y. Aspen (FopuLm tremuia , L.j. , 

Aspen is a tree which is disseminated throughout Europe, J 
sfecept in the extreme south, up to 70° N. latitude, and 5,000 j 
altitude ; it is often very hurtful to valuable forest plants J 
Mug to its rapid growth and abundant production of suckers,. | 
roots of a felled aspen, which spread far from the stump, J 
lose to the surface of the ground, remain dormant for yearsj 
fter.the parent tree has been removed; they then send up; 
omerous suckers from adventitious buds after the wood in 
rhich the aspen formerly grew has been cleared. The aspen; 
t not particular as regards soil, but can grow on cold, wet 
oils, and is frequently found in frosty localities, as, for 
istance, on the London clay in Epping Forest. 

The aspen is also a host for an injurious fungus, Melampmru 
7 remulae , Till, which, in the forms M. Pinitorqm , Eostrup., 
nd M, Laricis, Hartig, attacks pines and larch, and will be 
escribed further on (pp. 444, 469). 

^Cutting down the suckers is of little avail, nor is extracting v 
stumps and longer roots of felled trees, but girdling al 
landing tree gradually dries it up and in about two years’, 
events the formation of suckers. The tree may also be felled 

fout three feet above the ground, and the stump barked. 

r ■ * 

IW' . h. Bilberry IFaccinium MyrUllus , L.). ■ 

, < , $ 

VJhis is a small shrub attaining 16 inches in height, and! 

Rowing throughout Europe up to 5,000 feet altitude, in masses, ! 
$ fresh, damp, and even somewhat sour soil. Its seeds remain^ 
dr two seasons in the ground before germinating. It may alsd 
tpgnd on dry sandy soils, but not on calcareous ones. I| 
a slight shade, especially of pines. When? it appears h| 
demotes insufficiency of stock and deterioration "of 
and the surface-soil becomes choked with its foots* 
3|||&;|re valuable for making alcohol and preserves. ^ 
l^pe cowberry ( Vaccinim Viti8-ldaea t L») ; is an evergreeif 

<m lo^j 
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Ilffieulfcy of artificial restocking. There is then lio alternative 
bi|t to take up these plants in sods, beat off, in situ , all the soil 
Attached to their roots, and remove them. The cowberry plant 
Is also the host, of a fungus that attacks silver-fir (p. 419), 
Planting is better than sowing where bilberries prevail, and 
ijfpruce is the best species to plant on soil that produces them, 
£vT. nliginomm , L., is found on swampy land and mountain- 
tops, and the cranberry* (F. Oxycoccos , L.) in patches on; 
peaty soils. Both species are unimportant to the forester. ^ 
i Ferns. 

The commoner. kinds of ferns found in forests are: Poly*- 
podium vulgare , L., Beech fern (P. Phegopteris , L.), Male 
fern (. Nephrodium Filix-mas. t Hooker), Lady fern (Asplenium 
Filix-faemina , B#ntham), and Bracken ( Pteris aquilim , L.). v "j 
/ The above prefer damp and stony ground, and their.: 
appearance denotes a fertile soil, as well as a slight opening: 
out of the leaf-canopy. They spread above and below ground 
pften to the prejudice of young forest plants, by causing 
■excessive moisture, and depriving them of light, and by being 
pressed down on 'them in a rotting state in winter by the 
snow. This frequently kills lightdefnanders. Bracken often 
covers wide stretches of deep sandy land, but its sub-aerial- 
parts are extremely sensitive to frost. 

: In the case of bracken, the best plan is to knock off the softj 
young shoots in early summer, which can be done easily witfe* 
a. stick before they have unrolled. This injures the rhizomes*; 

that only weakly shoots are produced, which may be knocke|j 
bff or neglected. Dried bracken is largely used in England and; 
Elsewhere for litter, and hi the Forest of Dean, repeated ear^ 
[^fitting, in August, instead of October, has greatly weakened 
the rhizomes of the plant, so that only a short*jweak crop iSj 
produced, as compared with that in the Windsor and 
|Pbrests;.^hbr© it k cut later in the autumn, 

1c. Mosses . n , ; 

§? Two, out of M speeie&pf Polytrichum, are hurtful moss<a| 
Ipfnmon'ih' P<fytrichtim commune , L,, and 
piw^HedwJ^ ^heldrmnr produces dense, con vex ’tufts indah^ 
- -i&o: ' These tufts 



iPffipKiif ’ IF a distance by their 
Ke paler and branchy mosses gHypnum and Hylocommm, whicfi| 
|ferm a 'useful soil-covering in forests. They are chiefly founfe 
p high forest, and especially in spruce woods, and do harmli 
flavouring excessive moisture in the ground and injuring^ 
pie germination of seedlings. The tufts should be turnedj 
iver and broken up. 1 

The branchy mosses that form th^ nonnal soil-covering ih!| 
gaaiferous woods (about 123 species) may become so thick, aS'lj 
Bvender the soil too moist for the germination of naturally: 
fallen seed. Or they may be tall enough to overshade natural; 

e dlings. In such cases, the mossy covering should be' 
aoved, so as to expose the mineral soil. 

{S' 

3. Shadebearing Weeds. 

These are all woody plants. Alder-buckthorn (Rhamim /: 
ffirangida, L.) is common throughout Europe on damp ground, 
Ind chiefly in lowlands; it produces many suckers, and is 
|pread much by birds which eat the berries. It is used for 
^iinpowder-charcoal. 

RvThe common buckthorn (li. catharticus;* L.) is a thorny 
|||ub with spreading roots and many suckers, found on 
|tmilar soil to the former, and along banks of streams. • 
p' Both kinds are hosts of a fungus destructive to cereals 
418). They may be dug up during cleanings. . 

Dogwood {Cormis sail guinea, L), on fertile moist soils*' 
Rends to 2,600 feet, in mountains, and sends out numerous 
ifeol shoots. The wood is used for skewers, and was formerly’ 
TOplbyed for arrows. , 1 ? . 1 . ■' 

fptolly {Ilex AguifoUm, L.), a large evergreen prickly shrub; 
Ismail tree, found chiefly on good damp loam or loamy sand 
coppices well. ’ Where it abounds it is possible to phtat only? 
|ng transplants between the holly bushes, and the latter 
^ constantly cutting back, until they are no longer 
^|^Pj;;; fv 5oliy ; makes , • excellent; 'hedg% _ 

I’Sf Tt'isualcifhobous abt| 

is;^ height of 80—40 feet in Britain, bnt<^^,'Oo^ineig 

jtV'pihy undergrowth ^ forests. i* 1 ^,$3 





itfcti churcti decorations at Christmas, and as a sign before a 
jjniblic-house. Birdlime is made from its cortical parenchyma, 
£ Butcher's broom (Emeus aculcatus, L.) grows in dense woode 
Jh the south of England, it is unimportant for the forester. 
f Nightshade (Sotanum Dulcamara , L.), a small shrub growing 
6$ shady, damp, lowlands and along banks of streams, climbing 
to 10 feet in height on pollard willows and osiers. This 
plant, as well as S. nigrum. , L., which chiefly grows along road- 
sides, is highly poisonous. 

! Common juniper (J uniperm communis; L.) is a coniferous 
shrub widespread all over Europe, in plains and mountains, 
up to 6,000 feet in the Alps. It is very hardy and indifferent 
to soils. It spreads owing to thrushes which sw*allow the berries; 
Grows well in the open and also in dense pine woods. Thil 
species and J. Sabina, L., are hosts of fungi that attack 
Pomaceae (p, 419), Should be cut down or pulled up when 
langerous to young growth. 

Forest Weeds of Wet Peaty Soil. 

4 ' * J 

To this group belong the numerous species of the following 

genera. 

Bushes (Juncus, L.), ( Scirpns , L.), Cottongrass ( Eriophorunt jj 
L)> Sedges { Carcx , L.), Beeds (Calamagrostis, Adams), ah| 
Marestail (Equisetum, L.). 

All these, except the last, may be termed half -grasses, anf 
ihey all form sour herbage, and are chiefly found in lowlanllL 
)r on, peat, and are somewhat lightdemanding. Equiset^ 
itfiwnseth., is a troublesome weed in somewhat wet sad^ 
spam in forest nurseries, its rhizomes being deep down in , $|| 
§wl, and their extraction requiring deep trenching. fjgp 
f Spliagwm. Several species of this peat-moss exist and gro.i 
pliefly- in the open, in opposition to Polytrkhum, which grov|f 
|nder coyer. They are most dangerous mosses, producing 
|ea| an<T stamps, and rendering the soil unsuitable for forest 
#qwth.^ . 3isel4^e their spores with an audible sound* ^ 

|f 1 heihyasmh#' sofe herbage and peat-mosses is best kep| 
by maintaining the leaf-canopy. If a swamp has be^S 
ypmetim%^pw^yer, on flat lan$| 



weeds/ after a forest crop has been cleared, ash ahdj 
alder should be planted instead, bfo 
oak apd beech, the swampiness dis>j 
appearing after the forest growth has 
been reconstituted. 



5. Liana . 

The first three European lianes given 
are woody, and the others herbaceous., 
The shoots of all lianes should be cut 
repeatedly below the ground till no 
more appear. There is no necessity to 
unwind the twiner, unless it is a woody 
species, as it soon dries up after being 
cut from the root. 

(a) Traveller’s joy ( Clematis Vitalba , 
L.) is widespread throughout Europe, 
chiefly on hills and mountains; at is a 
half-shadebea$er and attains a height 
of 20 feet, climbing up stems, bushes, 
and rocks. The shoots may strike root 
whereever they rest on soil, and the 
plant sometimes grows in masses and 
is dangerous to young forest plants. 

(b) Honeysuckle or woodbine (Loni- 
ctra Periclymemm , L.),a twiner growing 
in hedgerows, edges of woods, and^insicfo 
woods throughout Western Europe; it 
is found on damp soil and chiefly in 
lowlands. A half-shadebearer, twining; 
round saplings to a considerable height, 
and thus producing misshapen spiral 
stems as in Fig. 198. , If no suitable 

198. ~~ Woodbine g^mg are available, . it covers ths 
ground, and tbjT' herbaceous pianist 
growing on ii It d 
’ valuable . siaplih|s ; ;^;^ 



racf ffijts kSebme in certain localities further north; it 
has similar habits to the former. 

|jH<0 The common Ivy (Hedera Helix , L.) is widely distributed 
fend extends over the milder parts of Europe, Northern Asia, 
jjpto India and Japan, and North Africa. It climbs trees, rocks 
arid walls by means of jts adhesive rootlets, which however 
suck no nutriment from the host om which it is growing, but 
merely support the ivy. The smaller forest variety is said not 
to dower, and sometimes covers the soil of a forest, Ivy*grows 
Pfeay from the light, except its blossoming shoots, which have 
Undivided leaves and grow towards the light. Matthieu* 
considers ivy hurtful to forest trees by interfering with the 
passage of the sap, and by covering the crowns of trees with 
its foliage, and it certainly, at times, like the honeysuckle, 
constricts oak and other saplingfc and poles. The* ivy, 
however, rarely ascends higher than the middle of the crown 
of a growing tree, and may be useful in preventing the forma* 
tion of epicormic branches on standards. It dries the surface 
of walls on which it is growing, and also the soil when creeping 
bver it. Ivy sometimes attains very large dimensions, a plants 
at Montpellier being 450 years old and 9f feet in girth. . ■ 
(d) Bindweed ( Convolvulus , L.) : C. arvensis, L., chiefly 
found in fields and waste places ; C. seghtm, L., in hedges 
thickets. Both species are extremely troublesome in nurseri^ 
and in osier beds, as their deeply seated rhizomes fill tb.| 
ground, and their shoots twine round and bear down the yoiiti| 
plants. , 

r To deal with these pests, the grotpid when bare should,^ 
|renched, and the soft whitish rhizomes of the 
Collected and burned. It is difficult to do this thoroug^Tyi ii| 
|be roots go down to 18 inches in the soil. . , 

^ Black bindweed (Polygonum Convokulw, L.) is chiefly 
found , in .fields and waste places, and has similar habits to thej 
■above. It is however an annual plant and Injurious only ih 
^prseries. ‘ ^ > 

|r (e) Wild hop (Htmulus Lupulus, h.)* The hop is found ill 
glands*; it twines from right to left up 
rfeoodv nlants and drA<r« tbAwn damm alone" J*| 



fops are injurious In osier beds ana iniddl 
%pice. They should be dug up., 

6. Parasitic phanerogams . 
a. Mistletoe (Viscum album , L.), 

/• . ; , , rf^ 

This interesting plant lives as a gemi-parasite (obtaining; 
irbon from the air, bufcwater, nitrogen, and mineral matter 
;pm the sap of its host) on many conifers and broadleaved, 
•ees, and chiefly on their branches. The hosts, or trees oj 

which it lives, are, 
frequently , the apple tree, 
both wild and cultivated 
varieties; next , the silver- 
fir ; frequently, birches, 
poplars (except aspen), limes, 
willows, Scots pine, moun- 
tain-ash, and hawthorn ; 
occasionally , robinia, maples, 
horse - chestnut, hornbeam, 
and aspen. 

It is very rarely found on 
oaks, but has been observed 
on pedunculate oak at Thorn-; 
bury, Gloucestershire, and 
elsewhere in Europe, also 

, , T ^ , , on Quercm coccinea, Moencbu, 

109.—- Am' mbrum, L., attacked , ^ ; . -- 1 , 

Sy mistletoo («). (HuiucsiL) and Q. , pahutm, , Mdench,- 
! " : •• * ; v ; ; The alders, beech and sprues ' 

gto be always mistletoe, and it very rarely| 

^bar-trees. , . t ' ' ' , ^ 1 ; ’ 

picbmmptier in Southern Europe than in the North, anc| 
ixtremely abundant where cider is made. In the N.-lfe 
Malayan districts, it is frequently found on apricot treesJ 
eS are the commonest fruit-trees there., 

^; 1 ’^fef : berri# are eaten by birds, chiefly by fie missel| 
asi'p^^e and the seeds are either rubb&i 





iwprw 

| inkers, through the bark as far as the wood. It also emits lateral 
Ijaoots, or cortical roots, into the bast, chiefly in the longitudinal 
direction of the branch of its host, and these do not grow down 
Into the wood. The growing 


joint of the cortical root ob- 
tains nourishment from the , 
Ibast, but does not injure the 
cambium ring ; the cortical root 
fends down as far as tjre wood 
fresh sinkers, which also absorb 
nourishment: upward shoots 
from it pierce the bark into 
the air ; these, like the original 
Sub-aeual shoots, ramify and 
become covered with foliage,, 
and bear fruit. The hans- 
toria elongating outwards like 
medullary rays become deeply 
embedded in the wood of the 
host by the growth of the 
latter; thus the older part of 
■the cortical root gets gradually 
driven outwards by the growth 


a J 



of the bast until it is cut ,,, „ . v “ 

„ , * Fig. 200 {After Hartig). — Diagraif 

W by the formation of representing the growth of the cortical 
jcbrky tissue within the bast, root and sinkers of mistletoe. Tfcgj 
atfhen it eventually falls off Pf •» *• «*«( 

is close to the wood. The growth lif 
gtfflh whe Older bark, The bast {h) drives the cortical root neared 
f^iikers thus fusing connection and nearer to the outer Wk$F(*} ari: 

AU dead sinkers, tho corti&d root of which 

8*“f" ‘^mistletoe die yemh} M 

i ihside the wood hy which they production of cork in the bast. 

Sire gradually surrounded. As 

^ttey are formed of soft tissue, they -soon decompose and 
^entuaWy^aJpear, leaving a series of holes in the jmod. f\ 
^ TTiis d^ng of the cortical root is quicker in the SoKb pin| 
§3mn in'- the silver-fir owing to the earlier formation of 
bark, in the former, ^ 


Fig. 200 {After Hartig). — Diagratjij 
representing the growth of the cortical! 
root and sinkers of mistletoe. Th# 
terminal point of tho cortieal root<g$ 
is close to the wood. The growth ,1$ 
hast (A) drives the cortical root, neared 
and nearer to the outer barfcir^} are 
dead sinkers, the cortical root of which 
has been cut off, dor several years by tho 
production of cork in the bast. 



to 

lllsorfced by it, produced partly by the mistletoe. Where only i 
pWjwh is attacked, the damage done to forest trees is not worth 
^Option, but when this extends to the stem, the wood becomes 
Igchnically injured, being no longer suitable for timber, and is 
ipble to be broken by the wind. 


01.— -Silver- fir (w) attacked hy mistletoe (w), 
pjiu^tialeltbot (5) opposite leaves of latter. 

* {Natural size.) 


Fig u 202, --Silver-fir 
wood perforated by 
mistletoe, the kaus- 
toria of which hfltd 
heeti isbeorbed. 


Extensive damage is thus sometimes done in old Scots pine! 
^ iitver-flr forests, owing to neglect in removing infectel 
seS in the thinnings; nearly every tree in a compartment 
iy itai be attacked by mistletoe. /, • '..Vv,, -‘, ‘1 

^ iipmediai measure, pruning off the mistletoe is useles^ 
it: ihe root sends put new shoots, which breai 

host and develop inth niw plant^ 





ijfce' thinnings. For fruit-trees, and in nurseries, the former; 
^nethod s&ould be adopted, 

t; Mistletoe mates good fodder for cattle, and for roe-deer in 
:Winter. Steamer loads of it are sent from Normandy tq 
London for Christmas decorations. 


h Lorantkw europam, L. 

This species attacks chiefly oaks, Quercm Cerrw , L., ,^ 
sessilijlora , Salisb,, less 


frequently, Q. pedunculate 
Ehrh. and Gastanea vul- 
garis , Lam.; also lime. 
It is found throughout 
Southern Europe and as 
far north as Saxony, not in 
Britain. It grows chiefly 
on the branches of stan- 
dards over coppice. 

The main difference 
between the growth of 
this parasite and mistle- 
toe, besides its outward 




Figs. 203 and 20i.—Zormthus curopaeux, Jacq. Fig. 203 reduced, 
Fig. 204 natural size. 


appearance mm bright yellow berries, is that the laterap 
$hoots of the first haustoriim occur in the cambium e$|f| 
sapwood and not in the bast, and continue to grow parallA 
the woody fibres of its host, sending out no sinker^ 
|Phese shoot? t^ifinatein a " wedge that locks as if It 
fSfo wood the commencement ditoif. 


jttju waasuu, wvj »W ■ JM.VW, 

: Mnm t how further outward, and therefore ; g w 
jj growing point above the old one ; this occurs at tn% 
a.mencement of each season’s growth, so that a series " 


Jge-shaped steps are produced in the sapwood of the host|j 



Fig. 206 {After Hartig)^| 
Loranthm eicropaem , 

(d llaustorwm growing: ||| 


2Qb~Quercw Cerrit, Ij., with two Loranthm v~ m ° -«?■ ^ 

Elites '«). , <*) Swings' produced by the ; ^pwood. 

22*. (*) toted leader of 

<K&' ' * 1 J "<) i 

:f Uees on' the fcosfr where the parasite is exposed to the £jj| 
^rnp into masses as big as a man'she&d, whilst thebrin^ 
Jiie bost TOt only suffers in growth. but frequeBtly: dies, 
- done is therefore greater Jhaiu Jjjjjy 

^^ #%k"jiiiaaite'ab60rb 
_ut0us.^ap 

'j&WU. ^ ' iW 





.. f ,„ „ , .iriy 
jti Varicius, species of forest trees*;, $heSe they seriQft$y||j||;$st 
■ortunately, infeeted*. trees are not generally fonnd exce> 
ifong, the borders pf a fPrest. Infeeted trees should be et 
*it in thinnings. Areeuthobium Oxycedri, M. Bieb., is a spf* 
iranthaeeous parasite, on Juniperui excelta, M. Bieb,, in' it 

rw a ig 0 " ~~ •‘-I- - ■» *- 

..Asia Minor ; 
fc often kills its ’host* 


[,W. also" on a il^rsiper hi the French 

a Minor i also on several pines, in N« Asafefftr 


e. Dodder Tournef). 

mere are several species of Cuscuta, of which C. Epithym#* 
'*> is the commonest in* Britain, growing chiefly on ftirf- 
ayme, ling, etc. ; and also on clover and lucerne ; whilst^- 
Ipilinum , Weihe, chiefly grows on flax ; and C. europaed , & 
n hops, nettles, vetches, etc., and also on many trees 
tirubs, such as hazel, willow, poplar and blackthorn. ^ 

The various species of dodder germinate in the groom: 
ut speedily die unless they become attached to weeds 'f: 
grieultural or forest plants, on which they climb and pierl 
own to their woody handles by means of hawtoria, ? 
acker-like roots. : 

The plants attached ny tnese parasites are ialleO^ 
likened, or bent down by the weight of the dodde^;^-; 
inch damage is thus done* in India to small forest~J§; 
jj^nue-trees, and to fruit-trees. 

|0t European forest plants, osier-willows suffer most, as-^ 
g^o^th It ^oduc^d^at places where the haust^ 
thus rendering fcbe,og|*;.. 


ound. 


As dodder spreads from forest plants, and hedgerows 1 
% ti Vei?y frequent, to crops^its destruction is urgent from 
lives of! general 


Infariw*: 

Se eommon barberry <{Berbem vulgaris, £«) IA.* : shri$f 
Mely spread over Europe, both in the lowlands an<f moua| 
ms, and generally along the edges of forests. It growl 
in on poor sandy soil, soon attains a .height of 12 feet,'" and 
nds out its deep root-system in all directions. Barberry i| 
■ry hurtful as the host of black-rust (Puctinia graminitij 
that attacks wheat and other cereals, and should therej 
W never be used to form hedges. Its use for this purpog| 
$ been prohibited in Prussia since 1880, „ • ’ ^ 

flramnis, Pers., formB yellow lines of sporangS 
|lhe r blade of, wheat and other grasses which afterward! 
;ofee reddish-brown, and in this way the nourishment of ij$ 
Jits attacked is intercepted arid the crop reduced. It lijjjP 
the lorhf 1hfeTO>l^ Berbcridw, P&k 
of Berbcrw, or Mahotiitt, the spores of which falfihj 
grasses hibernate as P. grammis, j$| 

' iWifftt ' '^•ihfect ' th^ b° v ^ uli '*‘ tr art rt*v ■ ‘Ik 


. so on* ' Anofi 






-fhtaspep \F£$mm i rmuia. u) nas its leaves infactsa wi| 
a, fungus, Metampsora, pimtorqm, Bostrup., so that its foliar 
toay appear quite golden-yellow in August, and then rapid’ 
fell. The sporocarps of this fungus on aspen leaves eventi 
hibe^A^^;<30Qi' the fallen aspen leave 
apores ; 'ihfeet,,'Seo'ts .pipe' and iar^ 
|lth the fnhgju - The alternate forms (pp, 444, 470) on,|li 
jifd larch will he described in the next chapter. />; , V v'A$| 
| Vaccmium Vitu-Idaea, L„ acts as host ‘tp Melamp$$ 
(Cdlypto'spora) Goeppertiana, Kuhn, which, growing on tl 
Item of this plant, develops spores infecting the needles •< 
lilver-fir with Aecidium columnar e, Alb. (p. 462). 

/ Species of Juniper form the alternate hosts of seve^ 
jpecies of Gymno&pwangivm, a rust-fungus attacking severe 
jipmaceous species: ^ 


j; Gymnosporangium clavariaeforme, Jacq., infects the commo 
pniper, and its spores subsequently attack pears, hawthorn 
|whitebeams (Pyrus Aria , Ehrh.) 
f$k Sabinae, Winter, u% the common jumper ana v y^ ^ 
[Jmiperm Sabina, Tj.}, also occurs on pear treWvk^S^ 
| P> canfuBmi, Plowr., spreads from junipers 

' ' •' J « ’ ■* > V >' " . . f* Siwr- 

pdlars, quinces and hawthorn. 

W0.juhipmmvt, Winter, occurs on rowan 

Ifcertn.), and perhaps on apple leaves. 

plgppcies of starworii {SteUftiia) and Geraitmm are tne n^: 


^silyer*fir canker and ■ * wifcches^byp^ 

tm ir~ - : 


®Iwaj8. KMtK With siispieicp on .1%^, 
* shruba in his forests* that may be infested yith fungv an 




Jfoss Sis' classified forest weeds as very injurious, }es6, 
aet injurious. As the amount of harm that weeds occasion 
‘ties greatly with circumstances, it would appear to fee 
• fijcient to give the folloamg list of the most injurious 
weeds . .«V'/Vv‘ ' v 


Woody Punts. 


Broom (To conifers). 
Heather. 

Brambles. • 

Aspen. 

Bilberry* 

Mistletoe. 

Loranthus. 

Blackthorn., 

Forest Willows. 
Birch. 

Honeysuckle 


Herbaceous Punts. 


Grasse?. * 

Bracken. 

Sphagnum. 

Dodder. 

Bindweed. 

Epiiobium. 


i weeds, when growing ih ; masses.;! 



CHAPTER IL 

EBOTECTION AGAINST FUNGI 

> Section I.— General Account.* 


: 1 . Position of Fungi in the Vegetable Wona. 

Plants belonging to the lowest division of cryptogam^ 
>Jants— which is termed Thallofthyta) and includes amofi 
other families bacteria and ftmgi — have at most only rudime* 
tary differentiation into stems, leaves, and , roots; and consh 
6f cellular tissue, which may, however, in certain cases becoA 
hardened. ' S 

Bacteria — termed also Schi&'omycetcs , or fission-fungi, froi 
fteir habit of constantly dividing to form new cells, are pl$ni 
consisting of cells the diameters of which are usually consider 
ably less than of a millimetre. They are parasitic t 
saprophytic on organic substances, and under certain eond 
■lions may multiply enormously in the blood or digestive orga| 
men or animals, and cause highly infectious diseases.^ 
&& cholera, malaria,' typhoid fever, etc. 

Sf^lIfti:shlJl ; Wyd has published some papers 
||eiings of Abe Royal Society” proving that sunlight 
pcial to the* growth of bacteria, which cannot therefore 
or in the young sub-aerial organs of forest plants ; eeri^ 
l|eteria, heaver, according to Hartig, cause bulbs and pqts| 

loiters to rot, yet he states that the only disease id Europe^ 



Tiftftfe^iseftses canned fey 



r c^resenc^in the boh, L UVUUi-iM 
S’ll'S^apo^g, and; dissolving; ;brgi^v^|ni^P 7 

soil firh& exposed for v „ 

•$£$ sunjs ;:rays Wconms less -fertile thafr wfrefr it is e6n| 
iitly sheltered by trees is in complete accordance , wit| 

% Already stated bacteria, and certain fungi 
|kct forests by lulling insect pests in enormous numbers. 
% 'drily thallophytes which cause serious injury to plani 
e fungi that are devoid of chlorophyll and therefore obtain 
-tar' nutriment from other dead or living organisms. In 
m former case, they are termed saprophytes and in' the 
Her, parasites . Another class of fungi obtaining nourish 
£nt from humus, but becoming attached to and rendering 
imormal the roots of many trees and shrubs, deserves, notice 
Ungi growing on the exterior of other plants may be terra ec 


T^ ,, v VVV1 p 

The number of known fungi is very great, over.5, 000 ; heri 
My- those which affect the growth of forest plants will hi 
■neiderod. 


-Jt. . 


glassification a$d Importance of Fungi from a Fwest 
Point of View. ''' ,L * 

a< Saprophytic Fungi 

^ . pTV „ ,-jgi live <5n dead or dying organisms, thfe; 
' not cause disease, hut follow or accompany an alread 
ased condition of their hosts. . Pprtuhately, )0iS 
imwn fungi belong to this elass. Fungi that are sapre 
certain eases, as ^ 'IST-fth 1 . . oft TAtti 





fungi the family Tnberam deserve 
T . .Jr;gbmetimes form underground mycelia M 
and thus cover, the roots of 
ibnlfers, willows, ifmes and other plants, to the exclusion 'U 
modification of their root-hairs. This altered root with it* 
inatted coating of mycelium receives the name mycorhiza, ant 
tjbe fungus has the power of absorbing nutritive matter fro# 
the soil and conveying it to the roots of tlie host. These fungi* 
46 not in any way injure the plants on which they grow, btf 
feed them more richly than the plants can feed themselvei 
by their own root-hairs, in the absence of the fnngi. Edibf 
truffles belong to this family, and are commonly found in pai 
forests in the South of England and the more 'southern pa| 
jsf Europe. ' / ' "%} 

J' The study of fungi should be followed as carefully by tK 
forester* as that, of injurious insects, although the damagi 
recognised as done to forests by insects is much greater thai 
by fungi and the remedies against them are more effective 
It being 'often difficult, if not impossible, to combat hurtfu 
fungi. As,, however, no , remedy can be devised withou 
studying the causes of diseases which break out among fores 
"trees, the importance of the study of fungi injurious to .ig*| 
trees must be admitted. The forester should be able' 
Whether .any fungus is the cause, or merely a .consequet^p 7 
I; disease or injury ; he must know how to observe phenoifep 
the forests, and should hand oyer the specimens he-u$| 
l^llect to be examined by mycologists. , ■ 

^ Ttie. treatment of the question here adopted is therbmf 
|r|rely;-from a forest point of view. The anatomy and physk 
|pgy %f fungi should be studied, and a knowledge of mycofep 
few remarks on the life-history nnd>-^j 
however, advisable, and ‘aAhort;ac’pOdl 









yeaij®: Conidia and carpospores gfe^teate .whe}| 
$ey,.*aeel! : yfi^ -favourable conditions of temperature an| 
Moisture; .it may be laid down as a general rule, that conidj^ 
^rve to reproduce the fungi in great numbers, while th| 
carpospores carry ou the species oyer winters or prolon^el 

dry seasons, . . , " , ' - , .... 

, Fungi do not "usually require the same amount of heat 
the higher plants for their development, and their fructifying 
.Organs are usually most numerous in Q|||ber. As already 
Stated, they may be either saprophytic ®f parasitic, while 
|ome fungi are'epiphylic, living on the epidermis of leaves p? 
Shoots, and merely pieVeing into it from time to timewitg 
dejicate minute liaustoria, or root-like ramifications of. t|| 
hyphae, which are devoid of any root-cap. The mycelia^ 
parasitic fungi live on or in the tissues of living plants 
animals, their spores gaining admission into the former through 
wounds, lenticels or bark-cracks, or through the stomata | 
leaves or young, shoots, or the soft growing points of roots. 
There they germinate, and emit tender thin-walled, generally 
colourless hyphae, which, when very young, are filled with 
•protoplasm ; hut cell-sap or bubbles of air soon occupy par) 
of their lumina, the protoplasm then merely lining the wal| 
of the hyphae or passing into younger cells. Oil may;A|| 
|e found in the hyphae, especially when they pass throup 
|?s|uesof the host which are rich in feserve-material. Tfr 
||%l^eqwently of a. golden-yellow colour, as in many 
j’htfcg oh leaves or shoots; i 

* i^he hyphae grow by their apices, and their terminal OGy 
-<$e alwiys' ricii;iu protop&sm. In fpe case of parasitic 
hypliae inay grow either in ap isfp-eellular manner betwefir 
l^’.tWue el^ienfc or in the resin-ducts and other intercdhii| 
'£ahhk,- merely sending their haustoria into the lumingi of t^ 

MB |t ^ir’iiap^ 



jt wfien older they may be consi* 
fered brown or greenish-blue, as in rotten 
|ibd. Sometimes the hyphaa unite into ei 
Ird walls, termed rhizomorphs, which resemble rbots, and 
Irve to carry the mycelia through unhutritious or dry media, 

p^io^limea ume into iemail tuber-like t©rm#jd 
KfeW ;#hicb have thick cell-walls, and are richly: teppli^ 
iih protoplasm and oil, and, as in llosellinut qucrciw, 
£ Hrtg., may reiilfa for some time dormant and resist desic- 
ition, but under favourable conditions develop new mycelifi 
r sporocarps. * 

■ til this way the mycelia of parasitic fungi live on the tissues 
“"4 nutritive material of their host, and interfere with its 
inspiration and assimilation; they also dissolve the cell 
ills and their contents, often causing hypertrophy or excessive 
^nation of cells, and chemical change in the cell- wall. Ir 
f latter case, they cause the death of the host. Insects 
Silently attack trees which have become weakened by fungi 
pentually the fructifying organs, which are characteristic fo; 
m species of fungus, break out on leaves, twigs, bark or & 
e scars of dead branches, sometimes through perforation! 
|de by bark-beetles, sometimes on the roots of the host, o: 
r rhizomorphf as in Armillarea meUw, Tahl. Innumerabk 
•oles/issue from the* sporpcarps, some of wbict , .fifJ'^uS 
e restmg-plaees, and the fungus-life recommences 


Iw ^months or weeks.' In, the case 
ires h&erriate, and 0A myfelia of 
% fee, ; or; Many ’ tfe; th$'i 

V' V • '■ 'i- _ '*'L< ' mil -Juis ! ‘lisltz 





e The most highly organise^ 
these stagei; li the case o! any species, is considered to be 
*at which hears sexually fructifying organs or their equiva- 
•nts. fungi .which thus grow in different forms on different 
osts are termed heteroecious ; some, however, go through all 
host. 


4 . Dwtriiution oj V'mgi. 

;€he spread of fungi is favoured by certain conditions of the 
oather and locality. It depends chiefly on beat and moisture;, 
5|t being prejudicial, many fungi growing in the interior of 
,$©s *or in the ground. Fungi can flourish and becom| 
nmerous only unde^ ; suitable conditions, so that in dam& 
oars, and especially in damp sheltered localities, they thrive 
otter than in dry years and exposed places. Thus, in a wet 
une, Melamjmra pinitorqua, Rostrup., is, most destructive td 
me trees. Nutriment rich in nitrogen favours their growth,^ 


■Parasites attack not only weakly plants but the most 
:urishing individuals. The conditions which most favour 
Mp spread — damp air and wet soil— are, however, unfavour- 
ite te many woody species, and external injuries of any kind 


f trees admit the spores of fungi to the inner tissues of th| 
jured tree and thus favour fungoidal attacks. Wild plants^ 
specially %hen growing in masses, are just as exposed fctheu 

■ ^«4oestKaj,. ,4#& ftk&jjrfy 


f|ugas, and obBervmg|^ 





of a wood almost simultaneously ’sbotys, symptmns.il 
isease. An attack by fungi, on the contrary ,1s propagated H 
ifection from one or a few individuals which are first attack^ 
nd therefore starts from a centre, spreading generally in < 
gtahn^r, like the fairy*rings in & meadow due ti 



>. Ffbte&ive Mmsures against Fungi. 

Ipu order to prevent the attacks of fungi, good sylviculture 
lies must be observed as regards the regeneration anc 
ending of the crops of trees. i , «^j| 

The most important of these are : to grow species suitably 
i the locality; to cultivate the plant# scientifically, and 
strong plants and in suitable mixtures, especially o* 
roadleaved trees . with conifers ; early cleaning# ; timelj 
finings; pruning from November till January; avoidance 
^injuries to standing trees during fellings ; teing wounds^ 
;;3?0 combat the individual fun§i successfully, their hf$l 
|story must be known. Special rules are : , , 

Elation ot attacked plants by trenches; removal 
|eased plants; 7 pruning attacked branches; destruction m 
$eds that serve as hosts for Injurious fungi 
leased;.: plants. wii^ ; fungicides * ; removal . of 'v.infec® 
MfeAlles or4eayes* . AH infected material should bell 




It is best for tfe& jp^rpo^ of Forest Protection to diskngms 
mgi attacking coniferous trees from those packing broad 
aved trees, and within each group according to the orga 
backed {ro^ts, atem, branches, needles or leaves, or fruits)*: 


Koot-rung] 


Amillarea mllea, Vahh 
a. Description ami Mode of Attack. 

Sfhe honey fungus, formerly named Agarim vicUm, ^ 
poh'fs one of the commonest in the British Isles, 




yt r _ ^ ^ . 
















Ifttfei?:^ * j^t'fiiEieril- #ye|M 

;&e like ^liroifii' fibres, 

^ sometiides anaatomose. White ribkn-like '^i^Jp 
helium are formed between the bast and eapwood and|| 
and bast* and often apread 10$|f 

: dark-W^^n • liizo&oi^., ^hie| 
t afe; deirelop between the wood and the eorte, bat aii 

Hma, '' ' ' $i+rv •':*'. iM'' """" "** 




Fig. 209 represents a sport?! 
carp. Its cap varies inobldup 
, from that oi honey to ^ 
! dirty brown, with ,dair|| 
hairy scales ; its lamella ar$jj 
yellowish-white, and beeom$ 
later on speckled with reddish^ 
brown. The cylindrical stepg* 
of the sporocarp is at firs|| 
dull red, and bears a fiocky| 
► white ring. The sporocarp|| 
emit myriads of white conidif|| 
which spread the infection $$1 
other coniferous plants anS| 
to dead broadleaved species|l 
on which it is saprophytic.,, 
The brown rhizomorphS;J 
grow in all directions through*! 
the soil, and by 
their soft »piees Iw&flfijeli 
the 

plants, and 'tr^; wlL. 
eventually -kiil.'' ; v lh^ , i_ T _ 
dicing grow%, -whole grhtif! 



foxy: ahd fifteen jfaify ft ings, an| 

-niliple plantings the disease is ^ ^ 

^wood was originally stocked 

7^h^e„ fungus is saprophyti^_ajaoi''as' beech, 

.^1^, species ot Pyrm ek. ' : ^e ikun^ 

f'bpa'dWed trees leit in & ground of a plahtatlmi fotftj 
^series which propagate the fungus, The fungus .alii 
,%cks timbers of “bridges and other forest-works* ^ r ^0m 
^Plants which are attacked generally die either '|>et$4e$ 
-priland July, or from the middle of October to the-emjllj 
November, and frequently the healthiest and' most flourishifi| 
■lants succumb, , It is difficult to recognise plant s 
itacked until the* year before they die, when 
am pale and their shoots are stunted. 

In older crops of trees, bark-beetles frequently mihe #it| 
^ fungus ; it is not yet decided whether the funguslp ai$$$| 
^ primary cause of injuries in such cases, 
vlp Bussia, the fungi are collected for food, and 
~Mf. escape from the sacks in which the fungi are tApi 
and spread the disease. Attacks of bark-be^|| 
fluently accompany the fungus, in. Bussia. 


Proiectm 


rlK^sthmps and roots of brOadWed trees s 
!ed^/;the site f§E a,broadJeai$ wood, and 


, . .... .pnsmtWM 

. l£roups of plants which, have 
^hemitir|ina ; ; 


ouldbed 

Seen attacked, so as to localia 
t a farther spread of the rhizomorphs! 
-ft*? 9^ w V*V«V14VU IWUUlil be far enough from the attacked 
ejclude! all rhizomorphs from the .healthy trees. 


".a, tomes annosys, ju ries. 
a. Descripthn and Mode of Attach, 

This parasite, formerly named Trametes radicipcrda,B,. Hrtg;/J 
b very destructive in pine and spruce forests of Norths 
Germany, and 'is not uncommon in the British Isles; it cause§| 
Eeot-rot|n the Soots pine, spruce and other conifers, and faSli 



Sth' found oh oJd sltimps of birches and beech which' 
S&h injured by mice, although it improbably not parasitic'! 
froadleaved specbs. 'Togs attacked by it are eventual 
“^ h^wer, be due to other causes, 

the diseased roots. d| 
“ighbouting ;tce4 Wit abo from eonidia. The colour!#? 
wVmyMiiBr ■ ^ than that of the hbn| 

togas, resemblir^ issue paper ,"and ^developed in the bat 
''<^:;itsb : ^otr^ydhenj' of trees< ; ; She walls of the bai 

■, by; mhaier^ 

o sound- rootg, ojjlyf 





Hna&k spots surrounded by Wiite o^lour in .the sprmg-wood 
SlWdlj' the mycelium penetra'tesr^cW V^.^^/^^ 
tte of small yelio wish^hite tufts. ■ *'?!?}}}< 

rffe.sporqcarps are chiefly on the footstalk; but : alsp; 6| 
' : 8ie form of meruektipne or m^ses Ittj 
|tef^^ho^-white grSpes. . Gnder favourable circupi^ancl 
they may assume the form of bracket#;? ',?!, : vV^ 
;®he disease generally, spreads rapidly, turning the wo$ 
rst brown and then white and causing large hollows 'in it 
y the artificial infection of six ten-year-old Scots pines, fiv 
: them were killed in a year and a half. (B. Hrfcg.).* . ... 


k Subjects of Attack 

The fungus has been observed on the Scots and Weymout] 
aes, the spruce, silver-fir, of all ages up to 90 years, also ai 
uiper and on Scots pine transplants from five years pid| 
^<rigida t Mill., is very susceptible to iis attacks. I|| 
is favoured by mice and other animals which carry? 
^|ores in their fur. Trees which are attacked have. pal|| 
Mies and stunted shoots, as in the case of the honey fun&hil 


• Vi 


|. Bemoval of all infected trees and of all rhtzemoyphs, i 
they atooticei the .gaps; wither# 


urocarps, consider 

; s i^)Mph-tj^iches;:a 


; the 'prduqtionofeanidiafec 









beiwein theit tobts 


I. 'Ehiitina iiffiafaJQwb let. 

& . Description and MoWof:A Mack 
This root fungus, also named R. mdnlata , Fr., tills Scot! 
dues of various ages. t As the malady spreads hr a circle^ 
^nirifugajly from the point of infection, it is termed in 
France “Maladie du mid . 11 It may be recognised by the 
: yin$ and falling of the needles of affected trees, from the 
uonth of June. On digging up affected plants, the ground 
, round their roots is found&bound together by numerous 
‘jf|h^e, |)Ut there is no flow of resin, as in the case of th| 
^^ rfhugus N From the bark of the pine-roots protrud| 
j&erous white mycelial hyphae, like Rhizoctonia* whicfigi^f 
O three or three and a half feet from the affected plants 
Ichly branched, threadlike mycelium. Their whiteness ;«j| 
ue to drops of etherial oil, exuding from the fine hairs at tfa| 
of the 4 hyphae. These hyphae spread in the soil, infill 
^igbbouring plants, and penetrate their wood. m 

, Massee states that the fungus is saprophytic on stumps 
^jmtoit was so destructive to Scots pine, on a loamy soi^ji 
t|f’‘Belltoe tOrb^;ifl France, that its 

-^f'^orocarps resemble naorels, ate from I'to 
and p| a dark chestnut 0|^hocolate colour. 

^ connected with the mycelium. 


i oi all ages, from four years p§$f 
tremttera attacked. Besides, Seq^ 
*!& pine, silyer-fir^larcK, Douglas" jftr and Sitfe| 
' been attacked; I t is 






v Woo3 and Bark Fungi, 

*4. TrameUfi Phi, Fft'Jiyj 


5 ''KP- ma Mm 

of this fungus develops in the heartwood tf 
P™ a “d other trees causing ring-shake. Thd? 
pttng^&d df the annual zones becomes gradually reddish-! 
;pwn, With numerous regularly distributed perforation*:! 

with white, and at length disappears. The remainder! 
l the wood, and especially the resinous autumn-wood, remains^ 
Jtact for some time, but eventually succumbs so that the tre| 



^5- X Stityect# of. Attach ' , ’ 

near village and towns 

1 ' 1 1 1 ■ ' "' K * v ^ 


• w |^^^posed: to, mischief, and also t in 
or 1 snow-breaks . , ; \*, t ^ :- 
;■ Tmnetes Pini is prevalent on trees from forty years old add 
upwards, as it does not generally attack sapwood owing to its 
: >rpentine, and because wounds in young trees are usually 
;oon closed with resin. It attacks the larch, spruce, an| 
■ilver-fir, as well as the Scots pine. In the silver-fir, decay 
treads to the youngest woody zones which contain littll 
turpentine. - < , t >/ , 1 ; - iM 

- The sporocarps may become very old, up to sixty years, an! 
•vtt|p large dimensions. The technical value of the wood ,i| 
greatly impaired by the disease. The fungus is common id 
the Scots pine forests of North Germany, and in the Harz an$S 
Thuringer-Wald and South Germany, chiefly on the spruce* 
m to Carpathians it attacks silver 4r and larch .woods. ; || 
occurs in the British Isles. 

c. ' Protective Rules . 

^ mix oroa^teaved tees with conifers. 

Pruhifig branches of Scots pines which'aS^i 
to^fcwood mo^|>eibandoned< laving4rahcbe$|| 
up to thirty of age, as they contam no^ 
ood, and the infection is, less liable to' occur in young 
^any case prunings should be cl^an cut with a saw, Jmj3p 



npwnif«imr 

ipifmay, /however/ be <Jue 

*l*:m 679). '. , t ... , 

of red rot, the .substance df v liH^iH : ;S| 
#®jlved bya ferment contained hr % protojplahi^dit ;%)xi 
^ppae of the fungi, and a residual substance consisting oS 
teanin, mineral matter/ etc., remains, which, owing iJ 
j4.ttddiMoQ.of the tannin, assumes a reddish-brown colour:?! 
*» is Caused by the following fungi r— : 


•to certain i&fesi 




a. Polyporus vapmrm> Fr. 

f 0n spruce and Scots pine, and rarely on sOver^ boffi| 
bts and wounds above ground “being attacked/ *$|^$| 
bcked by this fungus becomes dark-reddish brown, andti{}| 
Octangular cracks, as in the case of Merulius lacmians, Fr.,f 
Ifeh causes dry rot in timber. When rubbed between tbf| 
rotting wood falls as a yellowish dust. ' Bnow-*! 
panelling mycelia, several yards long, are formed ; the^ 
form white incrustations. The spores. gain enWi^i| 
iff through wounds, and the 'fungus is $W 
p|$&as in buildings. 

g ^,i|4ermed 



tendency to spread horizontally* | 

. bucket-shaped, and frequently 
*ers, ':^;'’ i< 7^ ? ;X 

(e) Pompoms fukvjs, Scop, It produces white rot in th 
dver-fir, and rarely in the spruce. It is frequently associate 
yith silver-fir canker, described further on, its spores-enfe^ 
wood by the cracks in the cankerous swelling. The wooi 
l^pmes yellowish, and if clean-cut, appears intersected S 
dimerous white longitudinal bands. Narrow dark lines appea 
t the junction between the sound and rotting wood. ,Ih 
dycelium is yellowish, at first growing strongly, but become 
a ter on very fine. The ii&eket-like sporocarps are yellowish 
urown above, asljy-grey below, and almost smooth. Tha 
angus is found also on cherry-trees.* 


*5. Peridermkm Pini , Wallr. var. corticola. 
(Pine-blister.) 

%. Description and Mode of Attach 

VScots pines infested with this disease, which is very commoj 
t fhe BHtish Isles and called pirn-blister, are termed foscyi£0 
-|^nglisbioresters (Fig, 296, p. 681). Massee states thallll 

^^eihpculatde trees, and " ’’ 















j^yeoted in the previous year, • proku^V 
jpi^esg, septate hyphae of this fungus 
^intercellular spaces- of the bark, bast W&.j^uttar 
p ol its host, sending short haustoria through the cell- wall 
;,s^te cell-cavities. The mycelium is developed chiefly in tbi 
> bark and bast, but penetrates ini* 
the wood to a depth of a hand. . 

The mycelium converts the stare! 
in the w^od-cells into turpentines 
which becomes infused by drops n 
the tissues, and cuts off the supply 
of sap. ifery year it spreads chieflj 
Ev longitudinally froi£ the diseased t< 
the sound wood, so that the canker 
which is ^covered .with resin, con 
| stantly increases in size. ' The saj 
being confined to the sodttd poftiopi 
of the wood, produces abnormall| 
large annual zones on the side of thi 
tree away from the canker (Fig. 212| 
and when the infection has g$| 
yearly round the.tiep, it$;crq^n« 
above the point of attack, sometime 
within a jear, but,,^' o4cr.chpg|| 
; ^teng. period up, 



mm 






f m ixus iungus germinate on tne leaves ana steins 

jf fmeettxictm officinale, Much,, and on other species of Vinci 
[oxknw, producing the fungus; Peridemmn Carmii, R, el 
<leb/ The'teieutospores from this again* infect pines* As^ 
;pwever> there is no Vincetoxkum in Britain, where pipp* 
4ister is very common, there appear to be two forms; of t|| 
disease, one P. Cbmui, R. et K., and the other P* Phi Walli^ 
he tekutospore form of which is unknown. . 


h Subjects of Attach 

il ’ • 1 '» ' 

3 of all ages are attacked by pined)Iistp| 
-'ait preferentially fifteen to twenty years old poles. It attaej§i 
>nly organs two or more years old, and is commonly found if 
/erticils of branches and in the crown of the tree. It h*& 
ieen often observed in mixed forests of pine with beech/® 
iornbeam, where the, branches of the broadleaved specif 
Swayed by the wind, have rubbed off the bark of the pines. $ 
Che disease is well known all over Europe west of Poland^ 


c. Protective Measures . 

Ml infected pines as soon as the disease is noticed,’ 




?3f> 

appear phi, 


rectors/ : Ih 

^aceof the leaves .of these plants, at the beginning pfl 

yellow cushions. The teleutospores that arise !ro%| 
fm are brown and in rows. The sporidia that* comelfrom| 
^ and germinate on the .‘Weymouth pine, cause sw^lhigS 
aftd next springi i sperma^^‘ ; |H 
■lined,; and fceidia later on* Species of Kibes are agaM 
lifted, and the disease becomes widely spread. The.'fdag^ 
Kibes is named Cmiartiim ribi&%if$ f J)\Qte* , 


b. Subjects of Attack 

.The fungus attacks young plants. and poles of Weymouth! 
oe, chief! jon their stems. It also attacks lateral branch* 
older trees; tree-parts older than 20-25 years appear ‘J|| 
lape. 1 ' . , ' 

l|h J8B0, about 30 per- cent, of the Weymouth pinelm| 
Janen Town Park were attacked and seriously injured byl 
:feh|ngus. The disease has also appeared in other districts;! 

S/ Germany and in Denmark. It is reported;^ 
^i|I^fated on Cembran pine (?) in the Baltic proving 
^Inot yet been noticed in America, the home o 


h pme/^l 


'^ffrotectwe Measures. . 







the host splits and so allots the dia^ 
:0mination of the spores, whilst turpentine exudes from tba| 
iplit; As fcW growth of the pine-shoot is checked $jk' thejphl|f 







?3f> 

appear -pti\ 


rectors/ : Ih 

^aceof the leaves .of these plants, at the beginning efl 
|s»iaU yellow cushions. The teleutospores that arise frb%| 
fm are brown and in rows. The sporidia that* come"!rom| 
^and germinate on the Weymouth pine, eause 8w||ip 

■lined,; and fceidia later on* Species of Kibes are'' agar 
lifted, and the disease becomes widely spread. The fungi 
tpe Kibes is named Cronart&um ribicohm, J)\Qtv. t 


h Subjects of Attack 

The fungus attacks young plants and poles of Weymouth! 
ne, chiefly ;on their stems. It also attacks lateral branch* 
older trees; tree-parts older than 20-25 years appear ‘J|| 
cape. 1 ' . , ' 

l|h J8B0, about 30 per- cent, of the Weymouth pine. 
Janen Town Park were attacked and seriously injured byl 
:feh|ngus. The disease has also appeared in otl^r districts;! 
JlPl^d'8/ Germany and in Denmark. It is reported :t|| 
ated on Cembran pine (?) in the Baltic provide^ 
;^^not' yet been .noticed in . America, . the home,c$j|§| 





of Mack, ami Distribution. 

This fungus attacks chiefly young — one to ten years old 
.£ois pine, als§ Weymouth and mountain pines, but^nev 
ies over SO years old ; it is most frequent on damp soils, a* 
i cold, moist, early summers.* The exemption of older pin 
om the attacks of this fungus is probably due to the fa 
hat the spores proceed from dead aspen leaves lying on t» 

round. 4 

One to three years old cultivations of pines may be entire 
ostroyed by it, the disease spreading centrifugally from 
-ntre of infection; and in older woods, especially after, 
hcipBsion of rainy years, such misshapen stems may be form- 
-at the marks of the damage always remain patent; f* 
of the malady is however retarded by dry'f 
disappears about the ihirteiemth ye^l^- 
, .over^erinany , especially 
'i ^ great damage between 1870 and 1873. For 
needle^, t^epr, 469. 




-Biting r by cattle, chiefly goals, or by deer, mice, mites;| 
•sects'. The witches-broom hn ]flac,,lor i^||pee,,W' 

/ mites. ( Phytppi# , Jjoewi, Naj.j . also on 

CUryophyUamrmi, Schroter),,Nh,,8. ’ , Oh hoiii|>^ 
j*o«c»* Carpini, Eostr.).; Birch (E, fefa&i#f,ilostr.); ch^fil 
Fucki.),rotc. It is not known whit causes witcbsfj 
room on Scots and Weymouth.pines, sprue? larch, or beep 
offmann, of Giessen, states tffet two species of Cladosporh 
;use this hypertrophy on Scots pine, but this is still improve 
oeppert spates- that it is due to a local swelling of tl 
■mbinm, but does not explain how this arises. These witche 
rooms, as well as those on the Scots pine, do not appear,:; 
•^very prejudicial to their hosts : that on silver-fir is describi 
^der next heading. 


Melampsorella Caryoiihyllwearum, gchroter, 
named Mcidhm elatinnm, Link.* 
t. {Silver-fir Canker.) 


-^ifeJungUB causes, the , well : known^s|ydr4r' 


jfMitjHl 


isqrtek of an infected branch into the stem, but i 
ji&em-eanker is produced when the stem grows over the 
||pfected base of a branch. 

Ipl" The .eankj^pmay be distinguished externally by a swelling 
lather oh one side of, or all round the stem, on which the bark if 
jM^eply cracked and dark brown, showing here and there a little 
gfosin ; it crumbles away in parts, exposing the wood. It maj 
pie: found at any height on young or old trees or their branches 
|pnd may attain a large size. The mycelium which grows ir 


ml 






2lS t — Shoot ef Silver-fir attacked by M. caryophyltamrum, Schroter. 
afikerous swelling, b Needles of the, witohes-broom. (Natural «»•.) After 
of Royal Soc., Vol. 47. , ; 

parenchyma is the sapie as that which produces; % 
latter; ; ls formed only when the 
reaches jt living If* however; the shoots are: 

;wd '•fh*y§ 1 liviixg /ImiSi* no' abnennal shoot-production 

* n * ec ^ 03 ^ 

their spor^ 








Jlternate liost of the fungus, if one existed, was not then 
ihown. In 1901, however, E. Fischer, of Berne, succeeded in 
infecting sppeies of Stellaria with spores from a silver-fh 
witches - broom, and obtained MclampsorcUa CaryophyUm - 
ffum, Schroter, also named Melamp - 


*ora Cerastii, Pers. This fungus 
attacks species of Stellmia and 
Cerastium , common weeds in fields 
and hedgerows adjoining silver-fir 
forests, 

S' ’ 

The damage done is direct and 
indirect, the former consisting in 
loss of increment and depreciation 
pf the quality of the wood, as 
^nkered wood cannot be used for 
constructions. The indirect damage 
Consists in inc*eased danger of 
breakage by storms or snow, and 
% greater disposition to insect 
JttaCks and those of other fungi, 
^,uch m Polyporus fulvus, Scop,, 
m Agaricus adipom , Fr., which 
fbon render the wood very brittle. 
** practical distinction is made be- 
iween sound and diseased cankers ; 



|ound cankerous wood is 30 per cent, heavier than uncankerS 
it is also harder, less fissile, and absorbs only half 
|nuch witter, Sound cankerous tr^bs yield some pieces of gopij 

ictM^rs . 'may be sometimes -seen'’ on the saipe tr®| 
may die outright in hoi smpmer^\;‘®| 
50 years and longer. fi/'lngpid^ 
21 cankered trees ate broke! 
dryup, to oneS^pdtree. 


SWW5X' ivippww- 


-AHHIPPPP^ 

trees are cankered. It is common in Windsor Forests 
p& fungus also attacks Abies picta, Fork, A. hakamca, Mill.,^ 
| ijjtfMmanniana, Lk., A. cephalonica , Loud., and A. Phmpo , 
f|tSV Cankerous stems are found on every soil and locality, 
S^he disease is less prevalent on sandy soils and at high 
iajtades than on loam or in or near the plains, where the 
Ingress of the disease is more rapid., 

|§Jh© damage in old woods is greater than in young ones on 
Ipount of the increase in value of the trees, and in pure high 
Hosts than in mixed selection-forests. 


Protective Rules , 

Mix other species not subject to the disease with the silver-fir. 
Prune off the witches-brooms, which chiefly appear on young 
ees, by sawing off infected branches close to the stem More, 
|e spores are dispersed, and tarring the wounds. 

Bemove cankerous stems in thinnings and preparatory 
|iings, and transport them speedily from ttte forest. Even 
Ipinating cankerous trees should be removed, and dominated 
|gg left to replace them. Those cankered all round should 
IfSrst felled, as the crop must not he overfchinned from fear 

^jtadfall. . '■ 

§01d woods full of cankerous trees should be felled before the 
Inscribed period. % The group-system practised in Baden 
IpWfl this to be done, and it is the most effective remedy.. 
||teed away SteUarias and Cerastia from the neighbourhood^ 
l^ilver-fir woods, and do not grow silver-fir near the outer 
pdarieB of such woods. It is probable that the disease; 

beadw' from infection from the weeds 

*9. Nectfia Uuewrtntula, J?T. / , 


t (Spruce Nectria.) , ^ ; 

d. Description <m& mode of Attack J 
isiungus produces the spruce-bark disease, and more 
•Stacks the CemhrP pine and larch... f % 


) s "—' T 



appear m we uuni, wuieu maj run mw uue auuwwrr inwe ioir^ 
Conidia issue from them from late in the autumn till t hi 
Spring, and infeet surrounding plants through any wound! 
they may have; and spread the disease. ’ 'j 

, The branching mycelium grows chiefly in the sieve-tubes \ 
the soft bast and the intercellular spaces 
between them. The growth of the fungus 
is very rapid, but appears to proceed 
chiefly in the season of rest of the bark- 
tissues, not in that of their vegetation, 
when it is usually arrested. When the | 
fungus has spread all round the stem, 
the tree dies, or at least that part of it ~y 

which is above the point of attack. II 
however, the diseased tree can retain any 
sound bark on one side till the ensuing 
spring, it is saved, for it protects itself 
by producing a corky sheath between the 
sound and diseased part, which stops 
the further progress of the fungus. 

The dead bark is then thrown off, and 
the cankerous place grown over. flp| \ 

; If. Subjects of Attach mid Distribution. 

The fungus appears chiefly on young 
spruce from three to thirteen feet in >- 

height, and both in pure spruce wools . 
a$d in mixtures of spruce and beech. 

St hap , also beenrobaeiyed on Cembran 
• very common 1 . 

The Conidia gain 

le tissues only through Fig> Wt ^ 
iwaunds^’w-hich are therefore attacked ty '2$% 

QfoAwnMfmi the d&aabfckifl 




'Tortrk padobna ' 

-^tuce forests of Bohemia ; damage by this insect % ;howeve^| 
3 |enerally only of a temporary nature, but ip this case, it was| 
r^llowed by Nectria, and great destruction of the spruce| 
-Incurred. The fungus has also appeared recently in the forests| 
^Bavaria' and Wiirtemberg, but seems to he absent from| 
“i||orth Germany. Nisbet states that it is^ommon in Britain| 
though generally as a saprophyte on dead branches only. 

c. Protective Rules. 

' Cut down young stems and shoots attacked by the fungus 
rith a pair of vine-shears in autumn and early winter, This; 
nethod does not cause the spores to be so scattered as when| 
he stems are felled with a billhook. It costs about Is, 6 d. ap* 

$ 


me. 


The larger stems attacked must be felled at the same time. 
]|n both cases all the infected parts should he removed care^ 
Jfully, and burned in an out-of-the-way place, as the spores^ 
Easily- spread from any pieces left lying about. 

*10. Dasyscypha calycina , Fuckel. 

(Larch-blister.) * 
a. Description and mode of Attach. 

Fhe nomenclature of this fungus has passed thr< w _ 
ages; Willkomm, in 1867, described it as Corticiwt§ 
mrpkm, ft,* which in reality Attacks the 'cambium .m 
Jver4r ; hut in ljffglb Hoffmann {Giesse^^led it PwiM 
itydm, Sebum. In 1874 V B. Hartig showel that ihf 4a« 
iDgus dtifered from Pi calycim, Schm/whicb attacks silvp| 
5 , spruce and pines.. .He 






’|ut ako'la’wh'i" : T& latter fungus also attacks Vinns «»;«En| 
and, in -America* is very destructive to Abies bakameti® 
'-Mill. Both species are wound-parasites, but can enter th<| 
tissues of the Jiving tree through wounds made by a minttt% 
["parasite, Exofporium, the spores of which in damp atmp| 
[ sphere can germinate 
on the' cortex of 
■seedlings or young 
branches. The sporo- 
‘ carps of Exosporiuni 
appear on the surface 
v of the larch as minute 
\ black dots and cause 
, cracks in the bark, 
f filled with resin, 

^ through which I)asy- 
*' scypha spores can gain 
^-admission. 

V"; Dasyscyphd ' caly- 
fcina, Fuckel, causes 
|;the instructive larch- 
fluster, of which the 
Symptoms are as 
follows : — Appear- 
.ance of little swellings 
fpp ; ll the stem and 
||rau<stes/ chiefly ;be« 

.udia'i. jdfJ arJba&M y y ku - ' Wi 


% Portion d Larch-stem attacked 
/i‘Vv '- 4 „ spppM oatyeina, Fueltei ; ; \ 1 js 

■i.teacks *«in. i v Spords*^ 

ib, &nd ; thnsplit increJ^:$K 

ib.-JS 





,ile ; spores, ■ and ^ 


t4ao ! J 



the swelling of tKe waJls:: o£ »| 
feW tmd the loeal stoppage of the growth,, its cent® 
|fens a spoon-shaped depression, .and the canker itself - w| 
Ipindle-shaped, Several cankers may appear oh the same tree.}| 
I; The fungus can gain admission only through wounds^ 
frequently of brachyblasts eaten by Coleophoi% laricdla, Hbn.,j 
|$&5; p. 846), punctures made by Chernies (pp. 861—864), of'< 
{(he to gnow-break, etc. After the entrance and sprouting of:« 
& spore the richly-branching mycelium traverses the bast, 
put only during the spring, as its further progress is cut off by'^ 
|te formation of corky tissue separating the diseased place from’s 
|» still healthy bast. The exposed wood exudes turpentine, ; 

in the autumn the mycelium grows again from the cambium 
|gtb the. healthy hast and increases the size of the canker, 
fjresh layers of cork again cut it off, and the growth of the; 
"pycelium is repeated, a protracted contest between the tree' 1 
pd the fungus usually ensuing. In the Tyrol, a living larch- 
S’ has been seen affected by a canker 100 years old. 

’0 canker is small and the growth of the larch, 
j p&y Tfe account of the locality being suitable for it, the; 
ppjagb done is limited to the point of attack. When, however,;, 
i'jjsayiMSite grows fast and the growth of the tree is nob 
llpiiSj . the mycelium may penetrate the wood by they 
L ’ ‘ ry rays even down to the girth, and the flow of sap is 
interrupted. The ta£e then begins to languish^ 
-farm . pale, twigs dry up and die, white fresh canker*; 

in ; dship places. . In such loealitier'thh;; 
llrs’Ja&ji be : of reduced size, but; th? mycelium s: 

*■ ’ '|p§tf}ie wood,a^|4the 1 8porofta^“''’ ; ^‘ , •’"“ J, ' ,iv/ 




i f twenty years old suffer most, but ^ 
4$t^k;i$ rare in of trees more than forty years old| 

it&sO stocking does not suit the larch, and assists in spreading 
|ihe disease ; sowings therefore suffer more than plantations!; 
,;4nd pure woods more than mixed woods. Larches growings 
/with broadleaved trees are least liable to canker. Mr. Miehief 
Pfi his book on larch (Blackwood Sc Sons, 1885), says, thatj 
4 after the first fifteen years tree-parts are safe from attack./ 
ff|nce, in ahirch tree, 80 years old, and 45 feet high, the first? 
Jwenfcy feeBLso are safe. }r 

The disflBj originated in the Alps, and when during th^g 
first twenflHars of this century extensive larch plantations! 
Were made^pover Northern Europe they escaped the disease! 
sven when on inferior soils, but spores of the fungus probably! 
found their way down with larch seed from the Alps, and! 
the disease became widespread in more recent plantations^ 
jh the Alps, it is usually confined to individual trees, and*; 
J.6es not ruin whole woods as in Germany, Denmark, an<$ 
Britain. 

The reason is, that, in the Alps, there is a sudden change| 
from winter to quite warm weather, so that the needles develop 
rapidly, whilst at lower elevations the soil becomes heated: i|| 
the end of March, and the larch needles then appear, but f Ji “ 
Objected to the treacherous spring weather, and do nothard 
PI the beginning of May. During this prolonged period:; 
development of the needles they are liable to attacks of Gofe 
tihora hricella, Hbn., and of Chernies , which promote t 
spread of the canker. In the Alps, moreover, the fert 
damp t ‘ the lakes! 

^stance./' V”* 


*ememberad that, ip its native counfc 
*fch ^'/^'■-rbdts^ceyered^by. deep snow till May, and t| 
?je soil contains plenty of moisture throughout the yei 
Id dfee sloping ground m which the lar 
^ stagr) ^ ^Britain, , ^ 



h roots can then spread freely and O’wn pteht] 


Tf> ' , , ; ” T ~jr ^ *if 'ST'*'? ,?■ 

lOurishment, and the tree then grows vigorously, and eithl 
4> |capes the disease or grows away from, it , 

It is probably everywhere in the Briti|hlsles damp enbug 
Jfor the fertile spores to be produced, though the disease is nfi 
Iget prevalent in Ireland; but it is stated that on good fertfl 
poil near the Scotch lakes the larch grows so rapidly as ^ 
|oufcgrow the disease, even when infected. . \ ^ 

I; ; Vigorous larch trees are growing at Colesborne, i: 

Gloucestershire, on the banks of a stream in, a damp valley 
||ipd the larch-blister is more fatal in the drierj flatter easter 
Smarts of Britain than in the moister hilly west, or in Ireland. 
flV.The disease causes loss of increment, and, reduces th 
Ipalifcy of the timber, it encourages insect attacks and snpi 
|and wind break, and may kill trees outright. Wherevej 
|therefore, larch grows badly owing to unfavourable soil, o 
gclimate, it is better to give up planting it. 


c. Protective Rules. 

R I; Great care should be taken in the selection of sites fo 
parch plantations ; pure larch- woods should be avoided, excep 
early youth, and larch should be given plenty of room, ,$ 
Refers northerly aspects and well-drained but not dry soil 
^peB of hills and mountains, fertile but not too binding 
^ plenty of room for root-development, and abundance ^ 
leaves or snow on the soil, so that the ground may hp 
pi heated ^Jid the lareh forced into growth early in spi^j 
|hd' aft^f irds reta|kd by the spring-frosts. No tree jrequ^i 
!^%bt or room mn theiaroh^ 

best when mixed teech* silver-fix 
may be 

: *m f* mp side 



11. Cenmgimi' Abietisy Duty. 

; ; (Pine* shoot Fungus.) 
a. Description and ' Mode of A Mack 
■This fungus eauses the death of isolated shoots of young:? 
^mes. • As a rule, only yearling shoots are attached, but some- 
times 2 to 3 years old shoots also, chiefly at their tips. Th$ 
shoots die from April till June, from the top downwards* 5 
Mycelia are found in the dead shoots, including their buds.? 
The cells of the cortex turn brown and become filled? 
with resin, the tissues are rent. The inner tissues down tdi! 
the girth also turn brown. The mycelium is most abundant?; 
in the buds. The needles die from the base, contrary to those! 
attacked in the pine needle-cast (p. 465). They turn yellowish^! 
green, yellowish brown, and eventually brown. 

This is not a wound -parasite. The sporocarps are dar$j 
bropi roundish cushions, breaking out from the mid-nerves; 
of the needles or from the base of yearling shoots, but chiefly,; 
from those 2—5 years old dead shoots. The spores germinate? 
only after the dead shoots have fallen to the ground, where? 
they obtain sufficient moisture. 

If the number of infected shoots is sufficiently numerous! 
me fees attacked may die, otherwise the damage oonsisti;$ll 
loss of increment only. * 


k Subjects of Attack and Distribution. 

This fungus specially attacks Scots pine, of any age, ;b|| 
Jpbiefly: years - old thickets and pole woods. Also blae§j 

lS,nd -Weymouth pines. . Until 1883, it was considered a| 
%|rophytic only fta dead spruce and silver-fir branchell 
jF* Vpfi thiimen suggested that: it is parasitic on ScoM 
$Ws, fea proved to be the case, in 1892 by Fr^nk./fi 
“Mjngl,hs;vin| Appeared in 184 Prussian forest districts. 3M 
■‘^e^onal nature of the weather in 1892 certainly assist 


re^'J0i|!fflhgns Occurs, p^ffance and Sweden; ^ 





Were in ^ 
water lost by insolation;'";: 

c. Protective Rules. 

. 7 *emow raeete^jpoles in the thinnings. 

*2. Pettabzzia Ilartigii, Tubf. 

l A f hlS f . angus causes a disease in sprues and silver-fir seed? 
?beds and nursery-lines. Its first symptoms are that anumbef 
^pfplants turn paie and die, and when pulled-up it will be 
^oticed that their cortex close to the ground is withered* 
gklst above tins withered portion the stem has attained J 

f 1 t“r S1 r S - The m y ceIi «™ofthe fungus may be found 
|tt the baik, where the contraction in the stem takes place;' 
andsporocarps spring from the point of attack. ?! 

disease appears to attack several broadleaved species! 
* , as co ™ fer8 > and all infected plants should be at on# 
Pjd-up arid burned For instance, in a beech-nursery at! 
| dessos, Ardeche altitude 1,350 m„ the plants were lined : 
p at two years old, and by August became chloritic and dried! 
jpPl ,, 86 r ® maimn g m the seed-beds were not attacked* 

jf$gj U P “d burn all affected plants. 

18. Septoria parasitica, B. Hrtg. 

(Spruce-shoot Fungus.) 

4^iis fjingug causes the wilting and death of young’ sprue#® 
^especially lateral shoots. The needles of the attackS 
gtfc .beeojne- brown and wilt, as if they had been? 
^ef by late frost, and generally. break off. In the couiS 

^ pettr 1 * ■ base ^ 

gating, in white ro#s, spread the disease in May oncjfll 
Sitka spruce is also attacked, 

IS. a fd j planktions. , lt also attacks th'TSi^'TjS 
; sometimes eausds groups of hknta to 






* r 'l v .Wy ' ' VaRSPi 

;It if,;c^Jw®n':’in ; ;^f' 



Bolritid Douglmii , Tub!, , v 


..|pus fungus, termed Douglas -fir blight, ana Known 
%r teveral years as attacking 2—6 years old Douglas firs, ^ 
ha 1895, was found 'on young Scots pine in Holland (Bitzema 
poos). Wellingtonia seedlings have alsij|been attacked at : 
itew. '/>'■ / ’ * s 

■ The needles, especially the upper ones, wilt, and the 
Whole plant’s growth is weakened. A brownish grey mycelium 
appears on the upper shoots, which become curved and die, 
the needles falling off. Conidia form on the fallen needles ; 
Wnd minute black sclerotia on the dead branches. The latter .> 
produce conidia if the air be moist. Young plants are^ 
frequently killed, Nisbet states that this fungus is identicej|| 
with Sclerotinia 


fuckeliam, De Bary 
0, cinerea), the vine 
|est. This, how- 
ever, appears to be 
doubtful. 

Spray with Bor- 
deaux mixture and 
burn affected plants. 

Jt * r , 

-1 - '• 

■-£ 0 , Needle-fungi. 

iSyPeridermium Pini 
% ackola, B, Hrtg. 
$P*ne Needle-rust.) 

'Z ,r w 

g During April and 
May, on the one-year 
“^two-years needles 

yin ® 8 ' 

species, ’ 
r-ftge - yellow blis- 



'ig, %2Z,-~Pmdtrmimi 
Scots pine needles, 


■ . ■ V» 

Pint acicola, B. Hrtg., dp* 
4 Burst sporooarps. . ; 


;?s appear, about the site of a mustard seed, often several 
~*m being in a row on one or both idtedf iheneedies. When ; 
they: sftbrefc an$| 



ensuing four, 

needles die and fall only when the disease is* very' 1 intense 
■he pine needle-rust, as the disease is termed by Massed- 
Omes from spores of species of Coleosporvm senecionw, Fr., a 
angus infesting sjj&ral species of Seneeio, chiefly biennials, 

§ rnlgam, 1., Sfmcoms, L,, S. vemalk , W. et JL ; . } 
if he fungus prefers plants 3 to 10 years old, but may attackj 
rees up to 30 years; it is widespread throughout Europe, 
deluding the British Isles, but does little harm to the trees it "I 
Stacks. Weed out groundsell from pine woods that it attacks, 

16. Aecidium Abietinum, Alb. et Schw. 

|This fungus causes a needle-rust, which appears at mid- 
immer on the previous year’s shoots of the spruce, the'; 
tedles then assume a dull reddish-yellow colour; during.; 
agust, bright-red aecidia of the size of a pin’s head project- 
om the needles, and at the end of August or the beginning 1 
'/September .they burst and emit their yellow spores 
l, a cloud of dust. The affected needles, which on lateral 
mots*are usually only on the upper side of the branches, die,; 
gjdlall before the close of the year, and the fungus maybe- 
bus distinguished from Chryaomyxa Abietis, Ong. The 
It^rhate hosts of the fungus are several species of rho|bi 
^pidron in the ^Ips, and Ledum palmife t in Finland ahcl 
pis of North dermany, and these plants carry the disease 
Slough the winter. Spruce trees of all ages are affected/ 
i^|ally ip the Alps, from an altitude of 1,000 metres to thi 
of : sprae$ ftrhere whole spruce- wood|sometiiae|5 
SiiiPiihe yellowish-red colours f he disease is also verj| 
frevaleat in | Bussi^l' .pp;. {Practical , raheiiy has. been deyiS^ 


■W 1 Aecidium mlmnars, fjMwftt 



. on both sides of 1 

ns. in ths shaoa at 



frepSa^' stem,"'* 

^jbsy-red, and eventually dark brown, 
pi The fungus kills silver-fir needles and causes them to fall, ■ 
A)nt it is not widely spread and becomes dangerous only when "i 
lyoung thickets of silver-fir spring up ammg cowberry plants, 
ijrhen the latter should be uprooted and d*royed. 



18. Ckrytomyxa 4 Weft's, ting. 

, , • (Spruce Needle-rust.) 

; . a. Desor^mh and JAJt-histery. 

iniS fdttt^ Bprtice-needle-rust may be rect^^d 

[low bapds, appearing from May to the middle d June onjj 

rhey 8 S^lutdlyl become broader and assume a brighte|§ 



WTW ■ ;jy ,< ;< "v, -? r ^ -up* » ‘ 

PP • rgolden-ydlow colour, a,ud swell 
fitly m one or both aides of the mid-rib ; the fungui 
|ibernates on the tree in this condition.. . The swelling; 
becomes greater at the beginning of spring, and from April, 
|| "the middle of jjjpy the epidermis of the needle bursts*. 
£|id the spores are scattered, the affected needles, parts of 

t i -ui jl.ii; » T J-i A* 1 . 


x are* still green, wilting and falling in June and July,: 
spore's which are disseminated in May, when the;'; 
|>Uttg shoots of : the spruce are forming, can then infee| 

them and continues 


b 



*-Sprao^ needles attacked by Chrymiym 
Ung. {Somewhat enlarged.) 

First' appearance iof disease in the fonrM$ 
* -yafloirisli marks on needles. 5' 

ik Witb leddish brawo longitudinal blisters 
«l/«f Marck and beginning of April) . , 

mtfc fully formed orange-yellow cushion 



the disease. 

"? ,, v;*, 

b. Sublets of Aiiafaik. 

and Distribution. 

The fungus attacks' 
only yearling needles, 
usually those on the 
lower branches, and 
rarely near the top of 
the tree. 

Spruce is most sub- 
ject to this disease 
when from 10 to 40 
years old. In dampi 
denSe,10 to ^O years 
old thickets, the fun* 
gus is;most eommo^ 
but the nature of thf 
« on it. It is me| 
is most h 




•Proteefitie ' Rules f’®'] 

i. Careful choice of suitable localities for spruce. 

| r li. Carry out early and strong" thinnings, especially oi 
trees affected by the disease, and promptly remove the 
from the forest. J • 


.9. Lophodemium Pinastri, Schrad. 

(Pine Needle-cast.) 
a, Description and Life-history . * 

On the primordial needles of young Scots pines, solitary 
brown spots* may appear in July or 
hiatfip on in the year, and if the affec/1 
o, needles are examined microscopic fJ f, 

"the mycelium of Lo^f^mium (lljs- 
terium) Pinastri, fi* 1 ' .ad., will bo found 
in them. BL^n spermagonia subse- 
quently appear l>efore winter, but their 
spores do not germinate, as ascocarps do 
Ihot ^develop till the second year after 
flection. As a rule thp diseased pri- 
mordial needles die in the spring, with- 
out falling from the plants, and older 
Reedies frequently turn completely brown 
March and April and fall off, owing 
j|o the formation of cork at their base. 

sAdden shedding of pine needles is Fig< Te^ 

eh ar acter i s tic of the disease so widely mnA 

m <krm&ny and termed Schiitte , ; 

^gaeedie-cast, which may, however, be 
|$e ib other causes besides the fungus, 

^ explained on p. 685. If, owing to a 
^il'4 ;¥et' jfinter and spring, the black 
^poroearps should . burst, which only 
Jti^ens rim/ they m exposed to much moisture, the spore$ 
. :pl«afip. '/.This, howetje^ 

-after the' needles, have ‘ fallen* ; D'^ 



Soots pine 
attacked by i - Pijfd 
needle-cast, the base 
green. ( h ) Dead twd 

years old needles, Eipe 
apotkecia (d) and emp$ 
’ pycnidia (y), in April* 
After Hartig. , 4 

i 



seed-beds*,, This " sa 

p the disease was always present in the Scots pine nurs< ^ 
|i| Goopets Hill College, but never injured the pine seed! 
|||g$ or transplants, The latter were kept two years in seed-: 
|^s and two yeaJp nursery-lines, and about 50,000 healthy; 
■ years old plants were removed from the nursery every; 
r. from 1891 to 1900. 

h Subjects of Attach, and Distribution (i , 

;| ,? ;J}eedle-cast attacks Scots pine wherever it is grown ; also! 
IJack and maritime pines are attacked. ■ f ' ^ 

| ;its a rule, the fungus attacks only 1 to 5 years old plants, but ; 
it ha^been observed on poles up to twenty years old Dtap 
cloudy localities are favourable to its spread, a\d plains^ 
and lowlands suffer more than mountains and hills* Larged 
regeneration-areas and dense stocking also favourite spread, 1 
Under certain unfavourable conditions of soil and climate, the 
cultivation of Scots pine must be abandoned, owing to this ; 
flisease, and the area stocked with Weymouth pine,* or some 
species. 

c. Protective 


.. Spray 2 to 8 years old plants, in July, with Bordeaux^ 
pixture,'-5d gallons water, 6 lbs. CaSO*, 4 lbs. unslaked limej 
Sfjclbs. soft soap* A French nurseryman thus treated Scots; J 
fpc Seedlings,; in the following February, not a single plariif 
Iptnyod showed a sign of disease, while 80 to 100 per cent. df| 
itose unsprayed were dead. 

Mix spruce or Weymouth pine with Scots pine, 
lines or belts running from north to south, so as to inter! 
^With the dissemination of the spores by damp westerly wi| , . 
^ iii in nurseries, the seed should not be sown thickly l|| 
l^ls, and the yearlings should be transplanted into nursery! 

:at once .into the forest. New Scots pine nurserief 
Hfw kte $Meih localities free from the disease, Sbest amq*tf| 
pl^®ayed;tree$i it any ease not near, pine^woi^Which 

Weyiacat pine arid 3Nunarl£ nrfWf* 

■ & l ,siin0r ; and' tjjt> lamh 



3 gin nursery-oeas oenween ihe rows of seedings should never W 
gglxwered with pine branches, which favour the spread of the- 
^disease, but with leaves of broadleaved trees or moss. . 
iv. Burn carefully all affected plants. 


20* L. macrosporum, B. Hrtg. 
a. Description and mode of Attack . 



9 /i 5 /i 

Pig. 227.— « Under surface of a spruce twig in winter, attacked by Lophotterm$$§^ 
macrosporum, It. Hrtg. 

a Bead brown needles at the base of the second year’s shoot 

6 Freshly attacked third year’s needles. 

7 Reedies with black perithecia. 

b Brown needles with ripe perithecia (fi) not yet burst. 


J£his : fungus on the Spruce, according to B. Hartig, cau« v ». - 
§jS|er needle-rust or needle-cast. . ' /; (j 

•The former disease appears in mountainous regions at mid*| 
dimmer as a rusty discoloration of needles on two years old ; 
shoots, and in the plains later during autumn ; finally blachi 
iporocarps (Perithecia) appear on the under surface of the| 
Elected needles, which burst longitudinally and emit thek| 
Spores in the succeeding April or May, The needles Hrith tb$g 
unpty sporocarps remain on the tree for several years. Ajg 
Irst only the, ,ne^fes ? ,on: two ; years old c 



from 

avelop its sporocarps. At first, the needles are more resis j 
ant, but when the tree becomes weakened, they are"' mor^ 
~$ily killed. ; / ■ ‘ 

^|n. the case: of needle-cast a more virulent form of the| 
«sease J occurs, and the needles turn red in August, thent 
rfomt and fall before the winter. ! , 

(ftthe spores of all species of Lophodcrmium gain admiBsiofi| 
firough the stomata, and the wetter the weather* the sooner J 
hb spores ripen. 

b. Subject $ of Attack, and Distribution* 

-■^he disease affects chiefly pure crops of 15 to 30 years old; 
ipruce, especially in the lower part of their crowns, but is 
Unimportant except when needle-cast takes place. Dense; 
.rops are most.affected ; mixtures of spruce with other species 
suffer less. The mineral nature of the soil and the altitude; 
Appear to have no influence, but in Saxony, the disease is 
vvarst on fertile, moist soil and on S. and W. aspects, where 
^6 spores ripen, at the time ‘of the prevailing winds. When 
idly attacked, the trees die, in the third year of an attack,; ; 

/ c. Protective Measures. 

Avoid t pure crops of spruce, wherever the disease ifj 

^nmdn. t A&/ 

'$$&&& 'mt imdiSIn affected subjects. 

^ iih Bemove fcbe soil-covering of dead needles near affected 
and do not use this litter in spruce woods. 


; ; 21 . Lophodemiim nervisequium, D. C. 

^ 3!his;is a very similar fungus to that described Above, ami 
-Sect® the previous year 1 ® and older needles of uilver-fi^ 
them brown and eventually causing them Jo fall fropf 

■^l^^r.Wfeoe of infected needles, and long dark-brov| 
eventually break out in the, midrib of their loui| 


mi 


of those of Ho, $ 



%e infected needles have generally fallen before this occurs, i 
i’ JPhis disease is widespread in silver-fir forests, and has t 
proved destructive in the 
jSragebirge, where the 
i^rees lose most of their 
meedles. 

Burn affected subjects. 

SpJiaerella laricina , 
n. sp. 

(Larch Needle-cast.) 
a. Description ami mode of 
Attack. 

Often in J uly , smaller or 
larger brown specks appear 
ion larch needles, on which 

later very Small black Fi S’ 228.-Twig of Silver-fir attacked by 
jepmdiophores project m Unafa(fld 

groups. From beneath b Attacked needles turning brown, 

ihese, the colourless my- ¥ * Needles with ripe sporophores. 

¥elium, which is* richly 



Ramified, develops in the needles, partly in their intercellular 
^ces, partly in the cells of their parenchyma. 

the conidiophores, small hollows ^develop with 
^^ basidia, at the ends of which are very small conid||| 
off and are carried away by wind, or washed ouf 
%paini and reach the young twigs of the tree, where, aft^j 
■^pw hours, they germinate and infect the needles, Tb$ 
^^dle-cast thus increases progressively in intensity. By the; 
^ath of the thu longitudinal growth of the affected; 
||antist^e3^/an^ owing to crowding by neighbouring tree^ 
often di^ r f l?he fall of sickly or dead needles commence^ 


: |-On the needles that fall to the ground in the following 
* j&mer, flobo^ 5 ;^^ perithecia develop, which| 

>ead Rowing in the needle| 



gpra dub-like aid m the perithecia contain eigml^celJM 
r 2-celled spores. The perithecia ripen at the end of Mif, 
|fnd the beginning of June. In three weeks from the momeril 
^ infection, they produce fresh conidiophores. 

K Subjects of Attack, and Distribution . 
jfpbe fungus appears to attack larch of all ages. Dry, 
ftfe&y localities are less liable to the disease than damp foggy 
j|hes. For this reason, larches “on mountains, where the; 
Ipmmer air is dry, whenever the air is cloudless, are less 
^endangered than those on hills and in lowlands. The season 
paring which the fungus can form conidia is much shorter 
pp mountains than in lowlands. * 

||\The danger is greatest in pure larch woods and in mixed 
prioods of larch and spruce. In the former, the infection is 
ptsy, owing to the propinquity of the larch trees ; in the 
latter^ the fallen infected larch needles lie in masses on 
pie Spruce branches, where the ascophor’es can easily infect 
j|he larch. A mixture of beech and larch is favourable, as the 
|$ense fallen beech leaves hinder the spores from ascending, 
felsapanese larch is also attacked. 

Ipn the cold, wet summer of ^ 1894, this disease was so 
prevalent in Upper Bavaria, that by the beginning of August 1 
pat;of the larch needles had fallen. 

; c. Protective Measures. 

|Kiv;0-row larch in suitable localities. 

Ipp Mte larch with beech and not with spruce, 
ffMelmpsom Tremulae, Tub, also named Caeoma brim, HrtaS 
fo47|Pig. 288, p. 486) , also induces larch needle-cast. AsplR 
pfeuid not, therefore, be grown in larch woods. 


28. Trichosphaeria parasitica, R. Hrtg. 


4, 


'“eoleurlesA mycaKum ; "'Of Angus' 1 Covers 4h$ 

the siiver-fir down io the buds, especially on theil 



M the needles. They therefore become discoloured, ana 
jiength quite, brown ; they do not, however, fall from the tree,, 
ibut hang down, being still attached to the twig by the mycelial 
? of the fungus. 

In. November, on the brown cushions appear small 
perithecia, con- / 


gaining greyish spores, which 
J$asily germinate when they 
'fall on twigs of silver-fir, and 
the disease is thus spread. 
:/£he mycelium hibernates on 
the twigs and ^eedles and 
f grows again on to the new 
/ spring- shoots, attacking the 
, needles from the base up- 
_ wards, so that needles on the 

* older shoots which escaped 
during the previous year 

; may now be attacked. 

Trees once attacked by this 
' fungus appear never to be- 

• free from it, from 
;; whicb its dangerous nature 
i! is 'evident. 


Sitbjwte ofiAttacfc, and 
Distribution. 

disease is widespread 
. 7 t»L i silver-fir forests and espe* 



Fig. 229.— Twig of Silver-fir 

Triehosphmria parasitica, E.-T *'’ ^ 
a Sound needles. , 

b Dead brown needles fixed to 
by mycelial strands. 
c Under surface of needles with 
myoelia and dark eplfbcarps. 


-,. c ially among 20 to 40 years old woods on the lower branches#; 
l^and on advance-growth, and according to von Tubeuf, it alsoj 
l&j&acks the spruce, but is rarer than on silver-fir. , 

*i$m much .damage in the Bavarian forests, near Passau an® 
Ibther places, \ It 'has been noticed that lower branches o| 
r^lver-fiii attacked ,bj . Trichospkaena parasitica, R. Hrtg^ 
l|scape " attacks Fr. (p, 454), wbe|| 


# latter fungus* . 



c. Protective Measures. 

pander wood, and diseased branches and twigs, should be| 
Removed by clearing, pruning and cutting off twigs withS 


24. Herpotrichia nigra , E. Hrtg. 

$|& tSpruce Black Needle-rust.) 
a. Description and mode of Attack, 

Pphe grey mycelium of Herpotrichia nigra , R, Hrtg., forni|| 
irregular, dark coat on twigs and needles of the spruce^ 
the mountain pine, and the juniper, up to about a meter from- 
the ground. 

fy; * ' , b. Subjects of A tiatk , and Distrihu^n. 

j^his fungus occurs in the Bavarian Alps only in mountains' 
|here snow lies long, and there is very deadly*, natural;’ 
Regeneration being sometimes. entirely prevented; it is less 
|prtful at lower altitudes. It covers the young plants, in. 
js^d-beds, under the snow, to such an extent that in spring’ 
||ey cannot remain\pright. It also does much damage to 
fountain pine. Juniper is also attacked. 

c. Protective Measures . 

S nurseries should be made where snow lies deep in 

close to the stumps of felled trees. ! 

>B. Fungi attacking Cories*;^ 
t Aecidium strobilinum, Alb. et fjtfch* 
v, (Spruce-cone Fungus.) 
develops its mycelium in the still green sc$$i| 
l ^pruce-conee and destroys th$m. The hemispherical kcw^ 
Hidia are crowded together on the inner surface of th$| 

■' - ; 

pHotnfected cones which have fallen to tfeeground may p 

l^youngcones early 'in! spring, | hf Weytospb^ are^^^ 
ji|| occurs ^ 


|bhes. : After 1 the ieeidia burst and disperse their spores, pakOg 
snots .are, left on the scales. 



Hg. 230. — Spruce cone attacked 
by Aecidium utrobilinum, Res. 



Vi 


Fig. 231.— Sporophorea of A 
strobiUnmn, Alb. et Scbwv, on 
tbe under surface of a scale of 
a spruce cone. 


Section III— Fungi attacking Broadleaved Trees. 

The numbers of dangerous fungi attacking broadleavedj 
'IjHwa may be limited for description here, to eight, besidefi 
§6onie, wound-parasites. The most destructive are marigg||| 
with an asterisk, as in the list given on the next page. 


A. Boot-fungi. 

*1. BoseUinia quercina, B. Hrtg. 

■ a. Desariptm, and Life-history. . 

; ‘ . The leaves of infected 1 to 8 years old oak sellings beeoffiil 
^gradually pale and at length.dry up. This commences witM 
the topmost leaves and proceeds downwards, At thetop ofe 
the taproot just below the surface of the ground, the barB 
.d wood turn brottn and shrivel up, and this at length^ 
br ead s :to tha whole taproot and the plant dies. On puUmfi 
2|tp fefic.platit' ahd;' examining its tap-root, black spheroi^g 
sslerotia of the size of a pin’s head are seen, which sprung! 
"iSjcjan numerous brpwh Thizomorphs, which have branch^ 


KD'TOotis at neighbouring plants, as in the case of thehoneyf 
fungus, ' ' 



toetipphf infection is very interesting ; as the tap-roh^ 
Jwpt at its lower extremity, is protected by cork/ the shoot*] 
t the mycelium attack the side roots. At the places where/ 
tese branch off from the main roots, little fleshy swellings;! 
formed, which send out conical proems fctamgh theootffi 
to inner tissues of the tap-root. [Tm fangtfs grbws 
i^arm weather, and if the weather be dfejr, to infecte^ 
l^ht cen delay the progress of the fungus, by cutfcing ft oft bj| 
from the tissues. By means .otl 

>a - .tka ^ungus ' can nor*^ ^ 


whictii the ordinary mycelium canriot do, ifee' 
disease is also perpetuated by conidia springing from the 
^portions of the mycelium growing above ground, or by spores 
produced either from the sub-aerial portion of the oak-plant 
for in the ground, these as a rule only germinate in the yea$ 
"following that of tho original infection. 

b. Subjects of Attack^ and Distribution . 

This fungus is very dangerous in seed-beds and dense sow- 
Sags in the open up to 2,600 ft. altitude, especially in wet 
;years. It is common in North-West Germany, also in Wurfr- 
temberg, where, in 1890, it killed 100,000 1 — 8 years old 
seedlings. 

c. Protective Rules. < 

, i. Places where the fungus has appeared should be isolated* 
by digging trenches one foot deep to prevent the spread of the 
rhizomorphs. 

ii. Plants which have been attacked must be at once 
Amoved and burned, which can always be done in nurseries. 

B. Stem and Branch Fungi. 

2. Polyporm sulphur eus, Fr. 1 % 

This widely-distributed fungus, which is very common, ii| 
be British Isles, and has been already referred to as attacking 
fee larch and silver-fir, destroys the wood of oaks, swee| 
feestnui, poplars, tree- willows, alders, birch, etc., and fruit| 
Sees.' ‘ 1 

The infeo, xm occurs at wounds in the branches of treesf 
the wood, inconsequence, turns reddish-brown, cracked and 
iry, the myco^^ spreading through the cracks and forming 
large felted whik sheets, it also fills the vessels, Which on the 
Afferent sections of the wood appear like white lines b| 
Ojints. At the scars of dead branches, or other parts of thf 
Item, large aulphur-yellow, fairly smooth, fleshy sporocar^l 
appear annually which are somewhat reddish above and ver| 
Conspicuous. , \ ^ \ ft* \ ‘ //• • 1 

si; All infected trees should be felled if this does not open ohl 



■jm 


wSod too much, and great care should be taken luring 
ellings to avoid wounds, Broken or forked branches, which! 
|it is advisable to remove, should be sawn off cleanly and the^ 
n tarred, 


Wound-Parasites attacking Oakland other Broadleavei 


Trees . 


fill such fungi gain admission through wounds and broken^ 
’anehes, so that they can be avoided by good silviculture. 


a. Polyporus dryadeus, Fr. 

; White and yellow irregularly shaped longitudinal marks 
$pSar in the wood, which at length becomes cinnamon^ 
toured and rotten. The sporocarps are large, brown, and 
>6l-shaped, but do not last long. 


b< Polyporus igniarius, Fr. 

The commonest cause of white rot. Infected wood becomes^ 
lie yellow and gradually lighter in colour and softer. TbC 
pain is at once attacked and decomposed by young mycelial 
yhis fungus, so that oak-wood loses its characteristic odour| 
^ absence of which is an excellent practical test of incipiehf 
nsbhndneBB. This fungus also occurs on fruit-trees andj 
Ite.hroadleaved trees. Sporocarps, hoof-shaped. , ;Si 
Bull, and P, laevigatas, Fr., cause, red 
ihite rot respectively .in /bitch, the former having roundiS«| 
^^barpl and the latter, incrustations. 



if Hydnm divmMm, Fr., : s _ - ; ^ 

^hite rot' ih oak and beech, The wood, ah|i 
zones, turns a^hy-grey, at first in i 



pybardwalli, Later on, these blotches become greyish-yellow, 
and are filled with mycelium. The sporocarps, brownish-yellow 
incrustations. 

e. Stereum hirmtum , Fr. 

Inow-white or yellow longitudinal bands Burrounded bj 
■brown tissue appear in the wood, which is said to be yellow* 
or white-piped. Sometimes the whole of the wood turns 
an^ '^mly yellow. The sporocarps, at first mere incrusta- 
tion^ {later on assume prominent brown horizontal edges. 
Common in Britain. 


?8. Nectria ditisrima, Tul. 
(Beech-canker.) 


a. De§crip lion and mode of A thick 

' Beech-canker, which may be recognised by the locall 
destruction of the cortex, resembles silver-fir and larch 
canker. It may be produced on the beech, either by Nectriti 
ditmima, Tul., or Sy insects ( Lachnns exsiccator , Alb., Coccm 
fagi } Barensp., p. 866), or by frost. The disease is sometimes 
{occasioned by several of these agents. 1 ; 

If The attacks of the fungus may be diagnosed by the local 
destruction of the cortex, and the appearance of small whtil 
itufts^of conidiophores ; and later on by dark-red, sphering 
? sporocarps on the canker. The infection always arises at^ 
iwound caused by abrasures of bark by felled trees, hail, et&ij 
land from the point of infection the fungus spreads morels 
ijpi regularly in the wood, but most quickly along the stem 
iSmwp&d turns brown and dies wherever ifeis attacked. 
diseased portion of the wood appears sunk- into the steinj 
p>Wing to the hypertrophy of the growth of thejptions of this 
round the canker. 

|f $hu;$; ; : &e. attacked branches and stems become, apindla 

fivery y^r deeper and. 







British Isles, especially on apple trees. It is" 
'requently associated with the attacks of the insects mentioned 
p>ve, which expose the cambium zone to the admission of 
spores, by the wounds they make in the bark. 

c. Protective Rules, 

‘Cutout all infected trees in cleanings and thinnings, pre- 
sided too large gaps are not thus caused in the standing-crop^ 

Avoid all injuries to the bark during felling operations. 

Affected branches in orchards should be pruned down t$ 
She sound wood (October till March), and the exposed section! 
covered with coal-tar. 

Burn all cankered wood. 

4. Nectria cinnabarina , Fr. 

(Coral-spot Disease.) 
a. Description and, mode of Attach 

The presence of this parasite in living broadleaved trees ^ 
tnay be diagnosed by the breaking out of the vermilion-^ 
coloured sporocarps, which eventually turn brown and finally';! 
white, on the stem or branches of the tree, chiefly in th^l 
;autumn, after rainy weather. Healthy shoots suddenly dry t 
up and die, the wood turning green or black. The infection^ 
.takes place at a wound of some kind, chiefly of branches, bttfcf 
falso of roots. The mycelium grqws rapidly in the W0pl|| 
pierces the walls of the wood-fibres, decomposes the starch^ 
leaves a green substance within the infected tissues. Th||f 
’cambium and bark remain sound, but by the destruction 0f|| 
the wood, the water-supply is cut off from the crown, theg 
.leaves wither and drop off, and the shoots dry up. The sporo^| 
[^rps appear in autumn or spring on the dead bark of the| 
^pfecteil tree^and the danger $ infection is then greatest 
Revere’ : sun-blister ^ jnay produce wounds, , through 

This ^ bmnch^ 



l idifty be often seen on pea* or bean-sticks^ w&cl ’b^iji 
^>tted with red points. f 

^is,a parasite, it attacks young plants of maple, lime, hor of 
Aestnut, elm, and mulberry, and soon Mils them* Itisveij 


m. 
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%, 234.-*-Maple stem showing the 
,?* vermilion coloured sporocarps {a) of 
i Jfyctria cinnabarm, Fr, 


Fig. 235. —Section of Maple steu 
attacked by Motria cinnabarim, Fi 
Between a and b the wood is colours 
bright groen owing to the decompose 
tion of the tissues. , 


: 'Suk*M 






l glaospora takqla, Tul. 

(Oak Bark-blister.) 

Rhfc' oalk^bat , still possess a ' r l|^t^r,cprte^ 

pBComea l?rqw^ in P^bes,, either on one side only, or aij 
fennd, -and- the affected part dies. The dead bark may jfc 
pither in little' patches surrounded by living bark, or may 
||tend to a yard and more along the stem. The diseased 
places vary in brealfth, being pointed at their upper and lower 
Extremities. The mycelium grows in the cortex, and pen^ 
grates also into the sapwood, which may l>ecome brown and 
pie ; .the heartwood is not sheeted. , a 

I Between the diseased and healthy tissues, a broad zone 
fork develops, which excludes water from the inner tissues^ 
The border of the diseased cortex therefore dries up amp 
produces no sporocarps. Between this dry border zone an$ 
phe rapidly decaying bark, cracks occur. The cortex undet 
||te cork, which persists for a few years, decays and ir finally 
;|hrown off. The cankered spot thus produced quickly forms 
jr callus and heals up. '* 

| ; In the second year of the disease, round or oval sporocarps 
^ppear in the cortical parenchyma, under the cork. In the 
paidsf of them, one or two (rarely three) little prominences 
fierce the cork zone and exhibit openings of one or sevtej 
^erithecia surrounded by white powdery conidia. Th|/^^|r 
Isarps in .the cortex consist of dark brown pseudo-paunchy^ 
jfmatous mycelia. The bottle-shaped perithecia, containing 
flscospores, protrude frotn this mycelium. As a rule, several 
%i these' ascosporescoalesce. , . ’ - ; * . . / -■ /.;■ 

^ It is not ^decided whether or not this infection does any 
Injury id the affected parts.- ; ^ > 'V-' 4 : ^ ■.;** 

Tubf. 460), young brpa£ 
aved in* nurseries and on natural regeneration artea^ 

fh ol^ : , ^f* 

hieh -'dieeaes^ 'rune the same donfe 

l *# 'Very prOval^' 



Seedling and Leaf Fungi. : : 

t^pkyfypkhora Pagi, 

(Beech-seedling Mildew .) ! 

Description qnd ,, , - . , 

^jj^'yery destructive fungus, alsonamed P- omnivor#,^ 
Jjjary, causes great damage among beech seedlings ; thes%| 
lien affected, tarn black and die from below upwards, during 
air germination or immediately after the cotyledons bang 
'^red. The little stem shrivels up and turns brown abo^ 
id below the cotyledons, whilst they are still green, or darfe 
,^cls appear rat the cotyledons or on the young leaves^ 
ithm six or eight days after the first appearance of the* 
,'gease, it attacks the whole plant, especially in protracted! 
-thy Weather in the months of May and June. In dry 
gather the attacked plants appear as if singed by firs'. $ if| 
'^aently accompanied by Lachnus a species of aphis.,, 

%he #rst infection of the beech by the parasite comes from: 
sspores that have remained in the ground since former' 
lirings. The mycelium, which is intercellular, spreads iribo| 
g stem Mid cotyledons, and numerous hyph® break through- 
is epidermis or stomata, and produce lemon-shaped spor-J 
ngia. .After the bursting of these, fresh sporangia are formed| 
fid tlie spores are spread in all directions, and in this way : 

may extend over a considerable area of yonn^ 
^jjjjjjj^ attacking their cotyledons, or primordial lCayes| 
he dbvelopment of the fungus is so rapid that in raib| 
^ftwtand ii? damp localities, in 8 or 4 days after the ,fiw| 
~pdpiimQe .'jot.' disease, sporangia are formed on the ho^t 
oospores 'ire. produced sexual 
„v 'eplyledons; fiese fall to the ground in the fottt 
remain alive fpr four years and, mo?* 

'A . Vivt ‘ JI-- it . .U TtAnW in wvfift** if 



of Attaik, aM Distribuimk. 
been observed to attack beec^mapleyUS^ 
and robinia, at the seedling stage, and several conifers, especM 
ally the spruce and Scots pine. Hence the name “mnivdm.% 
The symptoms are similar in these other cases. If only the 
leaves of -the seedling are affected, it may recover, but 
sver the stem is attacked from below, it succumbs. 
drag down infected seedlings into their holes, and hence gap| 
sometimes arise in what was formerly a flourishing hursery? 

bed. , .... . 

this fungus causes considerable damage to all the species^ 
attacks, and the spores are transported, by wind, mice, 
deer, and by the tread of men or horses, or even cart whdSSjfc 
Damp, warm years are favourable to the spread of the funstWC 
Jt has been noticed all over Germany. 

f. Protective Rules. 

. i. Use Bordeaux mixture, as already described (p. 466). 

% ii. Pull up all infected plants and collect leaves lying 
the ground as soon as the disease is noticed, and burn themy 
; Seed-beds should be carefully watched in May and, June, Al- 
ibis malady. The workman should wear an apron, in which 
tie places the infected plants, *and should take .care hdt ft 
tread op the beds and. bury any oospores. Any bed which h? ' 
bpen attacked should be examined daily. 
fiii. The soil in nurseries may be thoroughly burhedy% 
Egging trenches 80cm, deep and 80cm. apart, and filling they 
$fth dry brushwood and burning this, 4 Keep the fire 
p two days. / v, : " ‘ : ’ l\ 

• iv. Beech and coniferous seed-beds, where the disease ha? 
ippeared, should for several years be used only for transplants 
and it is then best to change the species grown,. 

7. Rhytima acerinum, *Fr. 

; , (Sycamore Leaf-blotch.) ^ 
mk. iw&a£ cajisea. Mack spots on'the leaves of 







W* lT4.ViWt/llljJ0UI (* JXWfM t/fi, X XX UM4 1 

*;<* (Willow Leaf-blister.) 
a. Description md* mode of Attack, 

gp; ;: yu waves of several species of willow, and especially 0\- 
IpKbeir under surface and the ends of their young shoots, v littt 
fgolden- coloured 

^cushions, , sabse- >4 *y\ 

tquently turning /f)D} ' 

thrown and then 

rblack, may appear - 

at*the end of May ‘ 

or the beginning of 

jJune. Leaves which • iWf 

"have' been attacked My 

^soOii become marked m/ 

Jiwlth black blotches mJ) 

land- fall off; the yjr 

flbadly infected shoots | 

jalso die from their* ^ I, ^(|ik 

^;ips downwards, V 

|f£e sporocarps hi- ^ 

|eaves lying on the li|l ;> 


E oycelia and vl ' 

, , the ^ 

g^^t^ipores ' ^ .. 

l&osa whicfe: epread Pig. 237 ,—Sattx amtifitia, W®tt, 

^ mkm P« or « 





i occurs in Britain, is moat dSi 


. J. tJX, . *v« £ UO »V U IVXi. VWUIO Hi XJikVailif ID 1UUOV 

| on the Caspian willow (Salt# 
kn afcfcw&s $,dtophnQide8, viminalis , purpure^ 

er most, and 2 to 4years old shoots are loss liab^ 

h ' ' . • ' ' 

c. Protective links/ 

^Cut off andburn all infected sb|o.is as soon as'they areS? 

infected dead leaves sfohld be collected during| 
^autumn or spring and burned,:*" , 

Infected osier-beds may be sprinkled by means of aty 
white-washing brush with dilute carbolic acid, one 
t to. 500 of water.' This should be repeated several times, 
pd, costs about 1$. an acre. Bordeaux mixture may be used,: 
^Cultivation of the Caspian willow may have to be abandoned, 
i the fungus is prevalent, which is much to be regretted as’ 
|| : ;Willow thrives on dry soils and has proved useful on railway; 
sand-hills, etc, 

tfielampsora Salicis-Caprcaz, Pers., is common on S. Ca^na, 
mnta, L., and S< cinerea , L*> and develops aecidia of;' 
■ Evonymi , Gtnel, on the spindle-tree. 



PART IV. 

PROTECTION v AGAINST ; ATMOSPHERIC 'INFLUENCES- 




PROTECTION AGAINST ATMOSPHERIC 
INFLUENCES. 

^ypuipbxtj irom me seedling stage up to maturity are subject 
|o the influence of the weather, and may thus be injured in 
various ways* The chief meteorological phenomena in question: 
ire frost, heat, wind (especially storms), heavy rainfall, haii,J 
plow, rime and ice. t 

i As a matter of # course, these phenomena frequently aetj 
jieneficially on ‘vegetation ; frost disintegrates the soil and/; 
prepares it for the reception of seed*and the growth of forest?: 
plants ; the wind disseminates the seed of many trees and: 
shakes snowjrom off their crowns which might otherwise be" 
broken by its accumulating weight ; atmospheric precipitation 
rnd heat are indispensable for vegetable growth ; snow is a bad 
Conductor of heat, it keeps the soil comparatively warm in 
Winter, and protects young plants from frost. Hnow alsq f 
ibsorbs much air and with it carbon dioxide; the decomposk 
aon of mineral matter on which the formation of soil chiefly 
ieponds ^expedited by carbon dioxide, so that winters wi$k 
|oavy sndwfajl are highly advantageous in this respect 
Forest Protection has, however, less to do with the beneficmf 
fction of these phenomena than with the damage theymafc 

oUcf".:/** *-■*■’* V : ; ‘’'''a, A, , - ' * , , ° , >r- 

and the means acquired by expenejr; 

-*r- - rjj ■' - 

. EtK£, of damage done is conditional on several!;. 

>, In the first tank are the extdht and intensity 
a, bat the* season and the state of the. 



after, the calamity are also ^ 



wmb 'if 'damage ,done^ as mfy\ 

ffpink here are the ehemieal 
jffl^lfae altitude and aspect of the locality. Th$ natm$:Vo| 
also, be of importance.' ; fip0e'p^n^ 
these items may be combined in a great variety of way&jl 
pmage done must? vary greatly according to circumstances. i| 
*' v The mode of occurrence of frost, wind, hail and sno^ 
should be studied under meteorology, the importance of A 
thorough knowledge of which to the forester is obvious.* 
More or less complete meteorological observations and records 
have been made during the last twenty years at the German 
and French forest experimental stations. Of special import-? 
ance, as regards Forest, Protection, is a steady and complete 
record of serious damage by frost, storms, hail, snow, rime, 
feifcher in one of the registers provided for by a working-plan^ 
bp in a special Record of forest calamities , giving not only a 
Complete account of the area affected and amount of damage 
done, but also of all local facts that favoured or attenuated thO 
fril. The results ol the protective measures adopted must 
|lso be narrated. Localities specially liable to damage by 
frost, storms, or snow, should be marked in special colours on 
m range maps. 

|? By circulating suitable directions, and by adopting a uniform 
||stem of recording facts, the compilation of a general 
Recount of experience in various fores! district will h| 
|onsiderably facilitated. 


„ , JS on meteorology, the following, miy J)e yefertedM 

Jfohn, It^^OjHnjdziigc der jiieteorologie,’ ' 5th edition, With '24 

wfodeuts, Berlin, 1898. Harm, Julius, Handbuch der Klimah^ie| 
English translation by Robert De Conroy Ward, Loni^ 
nilUn & Co., 1903. Davis’ “Meteorology ” Rostov Wp 
die Britannica, Tpl, w. , 



CHAPTER I. 

PROTECTION AGAINST FROST. 

As regards its distribution, frost may be either widespread 
or local ; as regards season, early frosts occur in the autumn 
and late frosts in the spring. Early or late frost may be. 
either widespread or local. Late frosts are commoner in 
Europe than early frosts, and occur chiefly in lowlands, early 
frosts being more prevalent in mountainous regions. The; 
extensive damage done by late frosts, is due not only to their 
frequency, but also to the susceptibility of plants during the 
revival of vegetation in the spring. Frosts in May are usually 
most fatal, June frosts being rare. April frosts are less 
dangerous, vegetation not being sufficiently advanced to suffer 
greatly. In the North-West of India, early frosts usually; 
do most damage, as the bright days and cold nights of 
November sometimes; involve daily ranges of temperature, 
of 40° and even 50° F., that are fatal to the sappy Bhoqt$ 
of trees. "V < v y 

■ Winter-frosts in Europe rarely injure indigenous treef 
though they may kill unprotected exotic evergreen plants 
such as laurels, etc. Thf mild winters experienced in the 
west of France and of the British Isles, render possible tht 
Outdoor cultivation of many plants whose natural habitat 
& further south, and which would succumb to the severi 
winters of more easterly European countries, as was the casi 
with the common gorse, and many exotics, in Siirrey, in 
subjected to temperatures of liquid 
without m$iry* germinating 
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« Causing cancer in stems of trees. 
*• ;lXprootirig young plants. 


bEOTIQN L — FROZEN L 

: , 1; External Appearance of Injured Plants. ;'v£ 

pj^ozeh plants, or organs of plants, become Soft, flexible an<f 
ang down or wilt. When dead, they eventually tprn browfl 
Or black. ’These outer signs result from the reduced tension 
ibf the tissues injured by frost, and from their inability to fulfil 
Itheir proper functions. Foliage frequently falls prematurely 
lowing to early frosts, a film of ice forming at the base of the 
Ipetiole, as in robinia and elder, which may become leafless 
| in a few days, the fallen, leaves remaining quite green and 
Apparently unaffected by the frost. In other trees, as horn- 

I li^m, beech or oak, the frozen foliage may die and turn 
wn, and remain on the tree until the buds swell in the 
jmg, the normal autumnal leaf-fall, being prevented by the 
; that the leaf is killed before the usual layer of cork, which 
see defoliation, has formed at the base of the petiole. 

I. Mer relates (“Rev. des E. et F. t ” July, 1897, p. 424) 
t in a frost in February, 1895, in the Hautes Vosges, near 
Lake of Longemer, young silver-fir attacked by frost did; 
lose their lower branches, which were protected by snow#* 
le their middle branches, above the snow, were killed^ 
> buds of the * two or three highest verticils remained, 
mant for a year, producing no shoots in 1895, and som$ 
hem not even in 1896, whilst the terminal bud produced aj 
for in the summer succeeding the frost. Hence it appear^ 
t organs may be affected by frost, without being killed^ 
that the most vigorous organs, such as terminal budsj 
; resist frost. 



ot fttttm jpattss 

ffusuaMy due % a rapid thaw rather than to the direct effects/; 
|f the low temperature to which they have - been exposed^, 
Ifhis is because, owing to the low temperature, the liquid;;, 
Contents of the affected tissues becomes denser, and a change^ 
&suea in them. The cell-sap, when converted into ioe>f£ 
Ixpands 10 per cent, and sets free* part of the air which it; 
Contains; this increases the size of the pores and ‘the per-? 
ineability of the* membranous lining of the cell- wall, which ; 
loses its powers of resistance^ the passage through it of, 
certain substances, and allows the cell-sap to pass* into the , 
intercellular spaces of the plant, where it ^freezes. The; 
injured tissues thus become limp from loss of water, 

A similar result happens in the case of frozen starch-paste, 
in which the water and starch become separated, and will; 
not reunite after a thaw. The air escaping from the frozen; 
tissues may also decompose the chlorophyll, and hence the; 
’brown and eventually black colour of the dead organs. If,; 
however, the ice formed in the intercellular spaces thaws , 
slowly, the cell-wall may recover its normal elasticity and" 
reabsorb the water before the chlorophyll lias decomposed. 
With a rapid thaw this, is impossible, as the water then remains/ 
in the intercellular spaces, and death ensues. j 

> The effect of allowing the ^thawed water , to becom= 
^reabsorbed may he well observed in a meadow after a sharj| 
jfrost in May, when the grass lias been in full growth. N$ : 
/had results follow from the frost, unless men or animals tread 
;on the frozen grass, but wherever they do, the crushed grasr 
Appears black and dead, as if singed by a red-hot iron. ThWf 
■ is because the crushed tissues will not allow the return of the 
leap when the thaw sets in. The more water an organ or plan| 
.contains, the more it is subject to be frozen. The old the6r$ 
gthat plant-cells are split by the freezing of the cell-sap, and 
^consequent expansion of the ice, is not true; in the firsi 
|plaoe, the cell is, not filled with sap, and secondly, the cell 
^wall is sufficiently expansible to resist an extension of 
^f its ^nme ; A $ 8a P 
Inverted fetola&ii 



, "Or^rjv rv'r'irrii 

; as young wood ai 

ntain a more watery sap, and which, owing#to the scare® 
|i>f intercellular’ spaces in wood, turn to ice within the kmins| 
j|$f the cell, at the same time depriving the cell-walls of theiri 

E ‘ ” ater and causing them to shrink. J 

Severe Irost may’thus impair the young zones of sap wood? 
lln a tree without killing the cambium. The formation o® 
|heartwood may thus he hindered and several zones remain^? 
Ipitermediate between sapwood and heartwood,' forming a ring- 
Shake in the wood.- Or the aapwood may be actually killed, r 
land separated from the cambium, which continues the circum-^ 
perential growth of the wood outside the dead, wood, so that 
Rafter the tree has been felled the inner portion may be found;; 
^completely separated from its outer zones by cup-shake. 

| Molisch agrees with II. Muller Thurgau in the theory that 
^Sachs’ view that rapid thaw kills plants is not generally 
tejorrect. Hess, however, considers that the results of exped- 
ience in vineyards and forest nurseries are strongly in favour of 
Ipache’ view, and also states that Thurgau has reconsidered 
|tds|jpinion, and has shown that a frozen plant- may be saved 
|i>y slow thawing, that would certainly be killed if thawed 
||apidly^ 

8. Amount of Damage done, 
a, General Nakn of Damage. 

o i/ate ana eany frosts often “kill young plants and destroy the’ 
foliage, shoots, blossoms or young fruit of trees. This retards! 
|ieir upward growth, causes a loss of increment and reduction 
n quantity or complete loss of the crop of fruit; thus the: 
management may be impaired, especially when natural? 
^generation is desired. Early frosts hinder the complete"; 
opening of the wood, especially in coppice-shoots ; by the; 
^rly fall and killing of leaves forest trees suffer a loss in? 
|e|ash and phosphoric acid, if these substances have not 
Completely returned to the stem, as they do before the norma® 

e rfail. Owing to the narrow annual zones of wood whidr 

4**' \yna Hhnr nt pA ttAA/vwni'nA^ A4« 



|piitjp^ astern.' Frost also ea®y»- 

prkin forms 61 canker in broadleaved trees. }i 

\ \ The physiological effects of severe winter-frost consist chiefly 
fa killing wood which is not fully ripe, and which has been 
.apared by the early frosts. In this way, either the youngest* 
^shoots, the autumnal woody zone, or the whole annual ring of' 
* wood inside the cambium-zone may suffer and cause c%-shakt ; 

wood. Where cup-shake is thus caused, the" concentrated; 
Jsap in the cambium-zone preserves it from damage, while the' 
Jjzone of the sapwodd next to it becomes so dried by the freeze 
;ing of the sap within it as to separate partially or entirely 
'from the cambium. Mechanical injuries done by winter-frost 
will be described further on. 

( - Tbe damage done under the headings : species, tree-part , y 
' system of management, age, locality, soil-covering, density of. 
".stock, and weather will each be considered separately. 


h. Sperm of Tree . 

Asa rule, broadleaved trees are more susceptible to frost, 
'than conifers, and species which prevail in the south suffer 
more than those *from the north. As special conditions affect-; 
Tag the extent of the damage done by frostjhe degree of, 
^ development and power of recovery of the plant are important 
vThus the beech and oak are equally liable to injury by frosty 
but the oak suffers less than the beech, as it shoots out late, 


l jin the spring. h 

| regards recovery from damage, the oak is also more 7 
favoured than the beech, !5r if its leader be frozen, lateral 
?buds develop new leaders, but the beech having fewer dormant 
>buds cannot do this so well. The oak can also put out a ; 
|l8econd foliage during the year if the first be frozen, but the 
Ibeech cannot. Henee^wood-formation is less hindered in the; 
loak than in the beech. Similar considerations affect other 
|speeies. As regards conifers indigenous in Central Europe* 
Ithe silver-fir is most susceptible, but I have had a bed of 
pearling siiver-iir at Coopers HiljU quite unprotected during 
^win% : 190$^ and plapteij Uiein out safely under cover % 



M : vi?o6dy plantB 

•jity io frost is not impossible, but can only be ol local valiS 
$ the earlier or later shooting out of a tree depends on tti 
ititude, as well as on the species grown. ?: l| 

The following list groups trees^according to their suseepti-1 
.•Sty to late and early frosts 

i. Very Frost-tender Species. 

'M&h, walnut, plane, sweet chestnut, beech, oaks,* robiniaj 
%riy frosts)/ silver-fir. * 

ii. Moderately Frost-tender Species. . 

^Sycamore, Norway maple, Salk viminalu , L., spruce, darcn, > 
luster pine. ' In many localities, spruce suffers so severely as? 
o be placed in group i. 

iii. Frost-hardy Species, 

./Hornbeam, elms, rowan, aspen, poplars,' willows (except 
}, viminalu, L.), alders, birches, horse-chestnut, limes, hazelf 
jcots, Black, Weymouth, Cembran and mountain pines; 
bniper. /; 

' In the case^of very severe late frosts, species in the last' 
iroup, such as the Scots pine, may suffer, or be killed when 
iftite young. 1 

? If the locality be taken into account, as sea-coast, flat, -hilly,' 
$ mountainous land, some modifications must be made in tbe^ 
^ove groupings. ' ‘ ■ ‘ '/ / . ; :<j 

/ In general, local trees which Aoot out early are more ofe 
:baS frost-hardy, for instance, the birch, alder, and sallow | 
Vyst-tender species such as the oak and ash shoot out later m 
-%e spring, and -the beech, which shoots earlier than either! 
-lives its immunity from frost to its power of resisting cover} 
;»nder which spring frosts do not occurs The faculty of prol 
bicing adventitious buds (oak and silver-fir) is helpful to thos| 
|»ecies. , 

|vThe larch, which shobtpW aarly iff} <iie sjdng, #affflrs^ 
-^W:dtaa&ns from late frost. 

»wV . , ” ' • . . 



lififerent seate applies 


^Sftreme winter-cold the following 


i, Vert Frost* tender Species. 

J Sweet chestnut, plane, walnut, many . fruit trees, sueha# 
ipricot, peach, quince and cherry.* 


ii, Bowewhat Frost-tender Species. 

/Pedunculate and sessile" oaks, ash, elms, beech, robing 
iilver-flr, yew. 

Frost-hardy Sperm. 

Maples, horse-chestnut, lime, poplars, willows, , hornbeam;,* 
>irch, alders, Pyrm sp., hazel; spruce, Scots, Weymouth^ 
fountain and Cembran pines, larch, Jumper. 

Pyramidal poplar is the least hardy of the poplars, rowan 
east hardy of the Pyrm sp. The Weynlouth pine may send 
mt second shoots in summer, which are usually killed in 
autumn or winter. 

■ As regards the susceptibility of exotic trees that have been 
ntroduced into Central Europe, the following experience has 
>een gained in Germany 

,v" ’ ■ 1 i ,,., 

^ Susceptibility of Exotic Trees to Late and Early Profit- 


UTkrv Frost-tender Species. 

|$jkoE walnut, all hickorie^ Turkey oak ; Abies lioramm^ 
'ij&na; Spaek. (Caucasus)/|)c^gla8 fir, Jeffrey’s pine, Pim | 

liSaw?/ . ' ■; , 

/Black walnut is slightly less susceptible than common. 
|alnut. Carya amcm, Nutt, is the hardest hickory. Nord* 
^ann’s fir, sprouting late, is less susceptible than common, 
^yer-fir. 


ii. Frost-tender Species. 


b,grey walnut (Juylajis cmerea, L.), sugar maple^ 
», Barak) ; Sitka (or Menafsf; 



iti. F'KOST-HAlipY SMfclfth 

^ Chadian poplar, cherry birch ''(fittoda wm L<y wnj| 
^tmei Finns rigidrt; Mill (pitch pine), Lawsbp’s cypres* 
mqkoia Wellingtonk, Seem., red cedar (Jmiperw 

f/ Young' Seedlings of pitch pine are occasionally killed U 
jmy feosfcs. Larson’s cypress and Wellingtonia are somewhat 
^t#ee^tible to frost for the first 

B. Susceptibility of Exotic Species to Winter-Frost. . 

It appears useless to give Hess’ list of delicate species, as i s 
^includes some plants that are quite hardy in the British IsleC 

Frost-hardy Species. 

, Bed oak, ashleaved maple, sugar maple, American ash, ab’ 
^hickories, cherry birch, Canadian poplar, Nordmann’s fir_ 
|ij$alsam fir, Douglas fir, Sitka spruce, white spruce, Pimr 
onderosa, Laws., Japanese larch, Lawson’s cypress, Welling 
gtOnia, red cedar, ■ * /: 

|| From these lists, it appears that the introduced exotici 
hardly suffer more from frost than indigenous species* Severa- 
||peciesnot mentioned by Hess, such as Thuja yigantea , 
l&tl (T. plicata , D* Don., according to Sargent), Taxoimjz 

SE k3^ $tkhum t Rich., are frost-hardy in Britain* In the wesfr£ 
6 British Isles numerous species thrive, which cannot tyi? 
ind the frosts of Central Europe, or even oftheea&tA 
unties of Great Britain. 


? l Patt of Tree. 

!'• fhe inflorescence opening leaves young shbotS gaff ~ 
^ost ; the develops leaves and needles less, and least of 
Ijhe.buds. In silver-fir and spruce the damage is neari 
the sprag*hoote, , 
^id :i asm^the|ilyer-fir the,, terminal 
he iateral buds, the Iatter4re;na0rn r* i ''*~ 



e W ce * s delayed 'in iKipni^ 
pBe annual shoots may not* he completely lignified before they!' 
lire exposed to early frosts. The underwood in coppice-with^ 
| standards suffers less than simple coppice, owing to thesjseltej^ 
^afforded by the standards; The various shelterwood system? 
^constantly afford shelter to young growth, and are therefore 
less liable to danger from frost, than the systems of ffoppic^ 
j and of Clear-cutting in High Forest. 

, . e. Age of Wood. 

Woods are most, exposed to danger in youth, especially^ 
during the sprouting of the seed ; a single frosty night at thid 
{period may at once annihilate the results of*a forester’s care;-: 
The chief danger continues until the young plants have growhji' 

: above the local frosty zone. As, however, this varies accordi 
: ing to the configuration of the ground, a scale of susceptibility 
for each species, according to age,- cannot be attempted. ■ 
? Quick-growing species, .in* breezy hilly localities are ‘mos| : 
favourably situated, while slow-growing tender plants in valleys; 
^and plains suffer most. 

In the case of widely-spread frosts and exceptionally lov| 
l temperatures, the leaves and shoots of taller trees may suffer 

* f. Locality. 

The following localities are specially liable to injuries tjj|' 

* ost , «/** , 

■ i. Damp, low-lying places with stagnating air, for i 
Siarrowv closed -in valleys, or small depressions in the ground! 
Iferaed frost-hollows. In such places, frost-hardy species sucS 
|ak hornbeam, aspen, and birch are naturally invasive, whih>v 
tfhe iSore valuable species become stunted, and there is getl^ 
li^lly a plentiful coating of lichens on the trees* If, in su# 
digressions, the Soil is moist or wet, or there are water-course? 
Ipr swamps near at hand, the evaporation of 1 the water still 
ilurther reduces the temperature, whilst owing to the absence 
^air-currents tp^ld air is not replaced by warmer air 
^be neighbourhood. If* oh the contrary , the soil is Ay^thr 
i0i{ : 'fir 



cold air 'frond ^abovej ' 

t;i take k oyer the low -ground ,and causes sfiarply-defitiools 
tostrlimits, ■’* ' • 

^ii^Woods : on north-easterly, easterly, south-easterly 
|putherly aspects suffer most from frost; on the twc|| 
former aspects, because; unless sheltered by a hill, they are| 
exposed to cold frosty winds, whilst* the sudden exposure tpj 
the sun’s rays after sunrise increases the danger of easterly^ 
Impacts/. On south-easterly and southerly aspects growth| 
begins earlier in the spring than on colder aspects, prolonging 
Ihe period of exposure. On $outh aspects the variations of| 
temperature are also greater than on cooler aspects. Northerly! 
and westerly aspects are least exposed to injury by frost. ^ 

iii. High plafeaux are more heated by the sun than low- * 

lands, where the atmosphere is denser ; vegetation on them is| 
therefore more precocious. But tlie radiation of heat at^ 
night' is* |jrea ter than in lowlands, and consequently there is a 
greater range of temperature, while woody plants stand sudden| 
Changes from heat to cold worse Chan intense cold. 4; 

As a rule, valleys, lowlands, and plateaux suffer more from| 
frost than hills and mountain sides. 

iv. Wet impermeable soils, spch as cold clays, induce low j 
air-temperature, and frost holds out longer there. The richer^ 
And deeper the soil, the more quickly do plants recover -froug 
feezing and grow out of the reach of frost. 


■ • g. Nature* of Soilmmng. - ,f 

VA' dense and high growth of grass and herbage increases tta|g 
langer from frost, as it prevents the soil from being heatedji 
liminishes the circulation of the air, and reduces the temperajf 
(Are by transpiring moisture and radiating heat. Froip 
fervations made at^Yiernheim in Hesse, the temperatur|| 
>yer an area covered .with grassmay be 16° F. lower the^ 
u a plot, of similar land bare of vegetation. On the oth|^ 
a lightly shading growth ef bfeh, salldw, toms, brpdh|l 
^Iwpicednce radiation, and &us preserve fern frost pl^|§ 
' "rppecies; which 



thaS^on l>are soil, tfeoajgli in tHij* 
termer case tlsie frost remains longer. 

k. Density of Stunt. 

1£ Natural regeneration-areas as well as plantations ana sow r 
ings under a slieiterwood, which reflects back the radiated/' 
beat towards the ground, whilst the crowns of the shelter- 
trees prevent rapid changes of temperature, suffer much less 
from frost than sowings and plantations in the open. Young; 
plants suddenly exposed by the removal of a shelterwood are 
highly susceptible to damage "by frost, and large areas #; 
spruce 6 feet in height may be thus killed. ' 

Damage by frost is much* less in well-stqfked woods than, 
where blanks or thinly-stocked places occur. Unrestricted/ 
radiation of heat and non-circulation of the air expose such; 
places to frost ; in the same way young growth surrounded* by; 
tall woods is often frozen. 

i. State of the Weather. 

The clearer the -sky during day-time and the brighter the 
might, the greater is the danger from frost, especially with alii 
jj^ast wind. It seldom freezes with a cloudy sky, as then the! 
freat radiated from the ground is reflected back again by fch£ 
^louds. Late frosts accompanied by rime are more dangerous 
[Jban black frosts, as the coldness of the air is still furthe|- 
[Increased by the evaporation of the frozen dew. In a prof 
|pnged frbst, accompanied by cold dry winds, the frozen twig^ 
fmay be dried up and killed. A wet autumn generally; 
Increases the subsequent bad effect of the winter’s cold. ‘ ^ 
|;VAs a rule, in Central Europe, all danger from frost is ovefy 
tffe middle, of May, but exceptions may occur, and in 1892; 
l&e; .grass-temperature at Coopers Hill, in Surrey, from the 
16th June, varied between 25* arjd 82° F.|- 
potato-Shoots and bracken were frozen and killed' 
gh the. neighl^h^d.' In, mountainous regions, late frd^ 

In tlie mortli of India, nigb|f 



P :fSUr'cct\nheta) ana oflW* winter-green and evef green 
|ap a « Very extensive damage was done to saplings an4j 
India by severe frost in Febrbai^.l9$fe'i 

■ « 4. .Register' of Severe Frost*. ' 

^Damage by frost is usually local. There are, however^ 
^ears in .which damage is done over extensive areas, these * 
jpars being termed frost-years. The dates below refer solely^ 

fe frost-years. -J 

&n Central Europe, during the fifty-two years from 1848 
tfe severe late frosts occurred,- on the average, every other . 
Mr the worst years for persistence and severity of : these 
frosts being 1854, 1866, 1876, 1878, 1880 and 1894. ,Nota; 
eingle month is ’absolutely free from frost, not even July or. 
August. On May 21st, 1894, the foliage of the oak standards: 
In the lower ground of Prince’s Coverts, near Esher, in Suirey, 
fe entirely destroyed by frost, whilst much damage was also 
fee, ip the ash and other underwood ; the crowns of the oak 
fees, which were blackened by the frost, did not become 
p^pietely green again till the middle of July. A similar 
Invent happened in the Fo'rest of Dean on May 29th, 1819.+ 

| In Central Europe, during present century, there. has ; 
ieen one hard winter every five" or six years, the coldest years, 
foviotls to 1895 being 1829-80 and 1879-80, when at Giessen, 
jan the 10th December, 1879, and in February, 1880, tempera, 
ipse of 81° and 25° below zero, F., were observed. The lowesf 
KsSperatutes measured at Coopers Hill were 16 F.,. ip 
Jfenbet, 1879* and iO°T, in February, 1895. Eougbi, 
fjibrough is one of the coldest places in Britain, and its minima 
p tBa Sfch, 9th, and lOfcb February, 1895, were 5°, 4* and J| 
Ife zero, F. During 1895, the frost continued night aajj 
fe at Coopers Hill from January 25th to February 18t| 


5. Protective Mures. 

frost iajd ' 




tM Formation of Woods. 


n. Drain wet places 'and all swamps in the' forest before 
Restocking. . - • '{ 

; Moisture is not always favourable to frost, for Wollny 
states that dry humus has a low specific heat and iB a bad 
jonductor, while wet humus has a high specific heat and is d 
good conductor. In accordance with this principle, cranberry! 
swamps *in Carolina are irrigated during the blossoming 
period, when frost is feareji I ; also, in Northern India, vegetabjg 
gardens and sugar-cane crops are irrigated in order to obviali 
danger frcim frost. In sphagnum peat-bogs, a thin layer ^ 
peat is left at the*base of the bog, when the peat is cut, it 
order to reproduce the peat, and unless this is kept wet, frosj 

■and drought kill the peat. . 

ii. Abandon attempts to grow frost-tender Bpecies in th< 
'pen. Such species as -beech and silver-fir should not bi 
grown in bad frost localities, and, in any case, Bhould hi 
protected by planting beforehand, or simultaneously wifl 
; them as nurses, fast-growing hardy trees, such as Scots pint 


larch, birch, or white alder. 

iii. Natural regeneration under a shelterwood and keepin 
■ seeding-cuttings dark should be preferred, especially on easterl; 
hr southerly aspects. Low, branching shelter-trees should . b 

Ipruned to promote air-circulation. 

| iv. Strong transplants should be used, plants with balls r 
'dearth and mound-planting being preferable for frOst localitiei 
Ipn wet ground, ridge-planting may be adopted. % 

I : 'v. Protective belts, 80 to 40 feet wide, of spruce, or 
|pine,'may be established along the easterly boundaries 
‘•a wood. 

. vi. Where areas to be restocked are covered with a .deni 
;row& of grass or herbage, this should be removed befol 


danting or sowing is attempted, 
i vil Transplants should be lifted from 
' [ season and heeled-in in i 


nursery ear 



following rules should be observed 
; " They should be situated on northerly or north-wes^ 5 ^ 


Seed should not be sown, too early, say before the 1£$| 
of litay ; it should be well covered. ' ‘ ^ 

In autumn, beds ‘Of seedlings may be covered with| 
brushwood, and seed-beds with dead leaves, moss, orj 
saw-dust. In spring, brushwo^or shelter-mats may be| 
used. These latter may be placed on light woodenj 
supports and can then be removed and replaced at will! * 
' Smoky fires may be kindled durh% the night, the* 
clouds of smoke preventing radiation from the ground.,* 
This practice is extensively followed in French vineyards^ 
coal-tar, or small boxes filled with refuse resin, beings 
burned. , - . ^ 

Plants which are covered with rime may be watered with? 
mid water before sunrise so as to delay their thawing, y 
Nurseries should he kept free of weeds.* 
p^)' Tender ornamental evergreen plants may be wrapped] 
p during winter in matting or straw, until they have grown, j 
syond the reach of frosts. The so-called hardening of trans-! 
i&jftts which, have been a few years in the ground is due tof 
their roots get gradually deeper into the soil,ja»|| 
flductthe heat of the soil to the plants better than superficial 
(Covering the base of transplants with cinder-dirt 

pis ^plants, which in spite of these precautions hayp 
byffopt, Bhould be pruned, and frozen, plants* 'suct| 
which have colkm-buds, ma^he dut’badg 
|p; with the ground,. Dead conifers and plants like beedhi 
pch ooppice badly, must be pulled up and the vacant spoti 


of their 


m s*ana oven 







Jktttctwnge or air in me iojrer strata 
^ea'tmo^pteei • 7 \. f * , , ,V . 

|?ih Preserve .the natural soil-covering of dead leaves^ 
Iteedles and moss. s 

c. During the Utilisation of Woods. 

: i., In natural regeneration-fellings, the shelterwood should 
|>e only gradually removed, the final felling*being delayed tilt; 
ithe plants have grown nut of the reach of late frosts*. Iri 
frosty localities, regeneration-periods Will he long— from 20:; 
iito 80 years. 

In the casVof dear-cuttings, only small areas shout! 
£be cleared at one time. 

I iii. A* protective belt should be left intact on expose^ 
‘ easterly* and north-easterly borders of a wood, at any’ rat| 
until the young growth which it protects is out of dapger froi^ 
^cutting winds. . 

j?| , iv. Coppice-fellings must be effected in the spring; *: 
^ade in autumn, winter-frosts would injure the stools; they 
li; should also run from west to east, so as to protect the young 
? growth from cold winds ; this precaution is specially necessary 
Hhr oak coppice, as frozen oak-shoots thaw rapidly when’ 

M > ' w , , , ■ • ♦ i\rh 

Reposed to the rising sun. 

Section II.— Frostcrack. 

1. External Appearance. M 

Fmtcratfa are long splits caused in stem 
riileh start at the bark and proceed radially and more or les^ 
leeply towards the centre of the tree. They are frequently 
ollowed by the formation of projecting longitudinal ridges oti 
fee stei# of an affected tree, which are termed frost-ribs. 

due to tire contraction of the wood along lS 
‘B ^ by Tactual ^ 



between the' ffcgree of frost' 

ssfti the tree . (Duhamel, Caspary, M. Hartig, Ner51inger^| 
IjPbnhausen). , , V , ’, 4, $| 

^|fhe eontraetiop of the wood, the reasons for which haV$| 
®^eii explained in the preceding section, commences at freezing-| 
llpint and increases as the mercury falls, but the stem, recovers $ 
Ills, original dimensions during a thaw. If, therefore, the" 
Ifejnperature but elowly decreases, so that the tree becomes? 
Krfdaally colder from the exterior, inwards, the volume of the^j 


a 



'h 


A; 


bo ^Tranamse section of an oatwith two froafccraok^ ^ and 

J ' 1 A,' , , 1 v'Sd 

spole contracts equably, and no rupture of the wood occurs* 
lltprVa tree to crack there must be a rapid fail of temperature; 

to -18° G. (0° R)* The external layers of wood (sapwood) 
■Skm freeze to such a degree that much water passes from the 



p^|mlrati%''tnore m*08 deeply toward! the centre of? 
,be tvee. The expansion of the sap, which flows into the crack 
lad freezes, also assists in further splitting the tree and ja>i 
extending the crack to the Centre. 

? Most frostfcracks occur on cold nights, between midnight; 
and 8 a.m.; when the temperature is lowest, and the contraction 
of the wood is consequently greatest ; the split is accompanied 
by a noise like a pistol-shot. 1 

8. Damage done . 

A. General Nature of Damage. 

, The timber of trees cracked by frost is of reduced technical 
value, and secondary damage by insects or fungi may 

supervene. * «*■ 

The extent of the damage depends on the depth of the 

crack, which varies with the severity of the frost. 

/ Brostcracks close again with the rising temperature, affcei 
the ifce which has formed in the wood has thawed, and the 
sap fills the cell-walls again. A new zone of wood forms ovei 
-the wound; owing to the reduced pressure of ? the bark, thii 
ijaew zone is broader than the previous ones. If the* cole 
^continues to increase the crack increases in length and dejpda; 
iJfrostcracks may attain lengths of 6 feet and more. 

In subsequent years considerably less degrees of cold ti 
Iwinter suffice to open out the crack again, as there is only 
&iin wood of one year’s zone to be cracked. It, is closed uj| 
during summer. If this process be repeated fc 
g&veral successive cold winters, owing to the successive supei 
Iposition of annual callus growths, a bevel-edged, projectim 
^lermed a /vott-vlb, is eventually formed, as shown in 1 ig. 28J 
|f|jE there should be a succession of mild winters, a frostcrac 
||aay heal up and not extend any further. But the bar! 
^hicfi readily,, and is therefore less liable i 

Sonfraction^ thap^ilie wood, may exercise tension on the lffth 
^td ; ^eveniij^^ eyes in ; ftard winters. ' ' 'In sut 



fungi ’ 

nay frequently ensue. 


B. Damage done in Particular Cases. ;, * 

p {d) species ,— Hardwoods with large, medullary rays ai« 
|giQsi subject to frostcrack. Deep roots also favour it> as they= 
Saes into zones of soil which are only slightly affected by the 
pjt temperature and thus keep the stem comparatively warm.; 
Mis difference of temperature between the outer and inner 
pbnes of the wood of a tree increases its liability to crack* ^ 
fevOak, beech, walnut, elm, ash and sweet chestnut, are* the 
pprees most subject to frostcrack, and Turkey and sessile oaks 
Ignore than pedunculate oak. The sap, which pours from the 
ound after a thaw, turns dark brown and betrays the injury 
jjphich the tree h|g received. 

^ Frostcracks also occur in the case of softwoods, such as the 
itse-chestnut, lime, poplars,- and tree-willows. They are 
ire on conifers, and then chiefly on the silver-fir. 

(b) Part of Tree .— Frostcracks usually occur in the lower 
rt of the stem of a tree, especially at places where the growth 
uneven nl&aii the root-stock, at knots, or where the stem k 

eccentric. : \ 

I? Splitting is furthered by lbcal wounds owing to the admissior 
^ftd^eezing of sap, and is very common jn the case of coppice 
loots which have, been allowed to grow into trees, and w|$$ 
re always unsound at their base. Splits from the root-stoc! 
loeeed hpwm:ds and from a knot downwards ; on eccentrh 
Item's, they ate always towards the largest diameter. * 
tHe case of stems of a regular shape, the south sidi 
|gers most . from frostcrack, and then the east and norfcl 
the Westerly side suffering least of aljhT The south aid 

places there, 'and ; the /tissues ^ 






W#’ f; Bonn, hi ^7,400 mM 

altitude:; 4 of 426 feet; where the treatment is thaji 
jjf coppice- with-staiidard s, and the soil, clay with an imper? 
liable ^stratum, over twenty per cent, of the oak stator, 
^ards are frostcracked. Frostcrack is also very prevalent in 
thfe seventy to eighty-year-old oak-woods in Windsor Forest^ 
owing to the absence of underwood, and it is also extremely 
common in the open parts*of the Forest of Dean, where the 
underwood has been browsed down by sheep, 

(d) Age of Tree , — Large old trees, as a /ule,‘ suffer mor^ 
from frostcrack than younger trees, because the differences in 
'temperature between their outer and inner woody zones arc 


'greater. 

I . (e) Locality . — Fertile and moist soils favour frostcrack. I| 
f ':is very frequent in narrow valleys along watercourses, where 
; the night temperature falls exceptionally low in winter. 

" (/) Season . — Frostcracks gep^rally occur late in the winter^ 

i when the sap begins to flow, provided intense cold shoulc 
" set in. The sapwood then rapidly cools and contracts, whilt 
•’ the inner zones of the wood retain a higher temperature ant 
do not. contract. Long-protracted and gradually falling 
^^temperatures are apt 'm, .dangerous. Storms increase th^ 
|jf&ager by blowing the frozen stems backwards and forwards,; 
i'Hess even considers it probable that storms may oceaai^ 
^fiViirlrn'iit tbe commencement of a thaw, but as tfce blit® 
iZones of the wood would then be expanding, whilst the inn$j 
Sioinee remain cold, a cup-shake, or separation of the wool 
%hng a portion of the whole of an annual ring, would probabij 
Result. ’ ' 


1. Protective Rule's. 


i; : Thbibu^hly drain wet soils. 4 

"fc Kee^ u^^e density <jf woods, and underplant al 

dire oak high $fi6sta with a siu%bearer, auch ;aa beeeh o: 

Iver-fir. 

belts of spruce along- the north 
a wood. 


,iii. Establish/! 
astern, easterhi; 
Mv. 



^ otbs 

t ' Jm 





Section III.-Frost-Canker. 

| bankers may be caused by frost among young liroadleavf 
Ipecies, such as' oaks, ash, maples, beech , » fr ait^^ees, efe 
Iwhich have not yet grown above the local frost-level. Thu* 
$,t the base of a young s'^oSt, which has been repeatedly froaei 
%m to the main stem, the living bark separates from the dea 
jirood. A callus forms round th^wood jn the growing seasor 
Put is frozen on the recurrence of severe frost, and as, i 
Irost-hollows, this may happen annually, a canker is thu 
formed, and the wood may be killed down to the pith, on th 
Sjjide from which the branch arose. These cankers are forme 
^near the root-stock of oaks and ash growing in depressions o 
itiff clay soil ; they may be distinguished from others cause 
| by fungi, as they increase in size only after severe frost. 

Frost-cankers on Shorea robusta are very common in frost 
^depressions in Northern India, the shoots being killed dow 
|ko the ground annually until an abnormally large flattene 
litool is formed. Coppice-shoots of a variety of sweet chestni 
?;lrom the south of France are also similarly frozen down i 
^Alsace, while the common variety of the tree produces spiendi 


Section IV.-^Uprooting op Seedlings by Frost, 

' ’ ■ L Genual Account. 

^ During February and March, when night-frosts alternate wu 
*;■ day-time, it is often found that young seedlinj 

e TaiM with the soil, and in the subsequent thaw, when & 
‘ ;,i “ ; ‘ * \ again, their roots lose their hold on the gioun 

t 


_ are i 

lihea thaw sets I 





those ot snauow-rootea species, sucuas eprra^j 
l^rch v alder, beech, hornbeam, etc. Even ash, sycamore, aiiS 
^^ver-fir are not, unffequentfy uprooted, in -this way.- /Sw«|i 
Chestnut, hazel and oaks escape this km of injuryitm accoWi| 
||?f the depth to which their tap-root descends during germihif| 
ration. The greatest damage is done in nurseries to, i 
bedi oi transplants, and to sown areas in forests. 

|f$) Certain soils and localities suffer more tkaqjj 

ISpfhers in this way. Thus, provided they are moist— fine| 
ilpls, such as peat, fine sand, marls and loam, are mosjf 


Imposed to frost-lifting. Dry Sandy soils do not suffer, As ^ 
§|ule, the finer-grained a soil is, the more water it absorbs,' 
Cand plants are therefore more easily lifted in such s mfa 


^whilst in coarsegrained, sandy soil the water descends, 

She surface is .therefore not subject to* lifting. Soil bare of; 
herbage is also more easily lifted than soil which is kept down. 

the roots of grass and weeds. t . . ' 

54 As regards locality, deep depressions suffer most, as ther^ 
^ - then lees chance of the moisture draining "away*. Warm? 
/^pects, except westerly ones, suffer most, as, on them, thaw- 
^&Ahdfteezing follow one another most frequently ; northerly 
^||e'cts hardly suffer at all from frost-lifting. , • w 1 

‘ k 8. Protective Hales, 

Forest — Drain away all superfluous moiflSt^ 
i^ybpendrains ; drain-pipes maybe used only in nurseri^j 
-^shtihg should be preferred to sowing, and ball-planting 

against this evil, 'while spring-planting 
• ( |e^^an autumn-plantings. ■ : 'Where : sowings},^ 
ced with, the seed, ffeb 
>r -vBfegem'thf 


lihe?ifows of plants, fill wiin g 008 ; p^ ^ 
Equalities thus produced in the beds,- < ^ •. 

t i^it is advisable m autumn to IS&ve a few weeds m the - 
I their roots give coherence to the soil. ■ Any plants whioh 
lave been uprooted by frost, should be at once replaced, mi 
be soil placed round them* This is not an expensive opera* 
atgn if boys are employed, and costs only from threepence^ 
lourpence per thousand plants. 


of Winaim Beech. f 

^ 1 : photo, fey E. & Marsden. C 



DHAPTEB n.* 


TEOTECTION AGAINST INSOLATION; 

, T .'- . {&' 

Insolation may dry up seeds and young plants, or twigs aim 
Ranches of trees ; it may also ecorch or crack the bark and 
:ood octrees. , * * / . 4 ’j 

Section I.— Drought. 



Appearance and Came of Injn, t 
period of more than 14 consecutive 
%fmed “absolute drought”; a “partial drought” 1 ©':^ 
of 28 days the average daily rainfall is not more $ha| 
me-hundredth part of an inch.* # v , : | 

5' Woody plan©, and parts of them which have been dried In 
'he sun, have much the same appearance as if they had beer 
killed by frost ; blossoms, leaves, needles and young shooh 
:Vrst wilt, then gradually turn brown and shrivel up; the] 
Anally fall off, although dried leaves may remain for a lon| 
time hanging on the trees. * , 

fhis drying-up of leaves and shoots is the result of pro 
longed hot, dry weather, which abstracts much moisture fron 
plants and from the soil ; transpiration being thus great^ 
increased, plants pass off more watery vapour into the ai 
fiab. their roots "“can absorb from the soil, .which, becomin 
■liontirfually drier', is less able to meet their demands. Th 
lotion of heat on forest plants is therefore indirect^ .the sun 1 
'rays do hot kill them directly. 


2. Damage done . 




fl887J. Dry year's, as well as fnfef years, may be detected 
t]he transverse sections of a bole by narrow annual zones. :|§ 
| professor Henfy,* of Nancy, measured 250 trees in order teg 
ascertain the* loss of diameter increment, in the very dry,,. 

summer of 1898, with the following result:— „ * 


Species. 


Ga k ... - 

Beocii 

Hornbeam 

Spruce 


Roll. 


Loam ... ■ -• 
Calcareous 
Deep (jlay... 
Shallow .calcareous 


Reduction of diameter in tho years- 


1891, 

1892, 

From 

To 

Per- 

centnge, 

too 

83 

17 

100 

91 

0 

100 

77 

23 

ioo : 

56 


TOO 

86 


100 

77 




Per* 

contage^| 

23 '4 
% 

0 m 

uiyfp 
56 .$8 


f Occasionally single stems, or groups of poles, may h| 
hilled by insolation ; this is frequently the case with beech; 
Standards, which after growing in a dense wood are exposed^ 
as mother-trees, in seeding-fellings. The yield of dead wood 
Jn dry years is very considerable. ' _ ’’if 

If , In seasons of drought plants cannot obtain sufficient nitro^t 
Ifeompounds from the soil; E. Mer also proved' that' staiieiP 
^production in the leaves is weakened, plants by pr^natfitc' 
fleaf-fall also suffer a considerable loss of combined nitrbgen ajtj 
'phosphoric acid, that prejudices the formation of fruit and 
f,. Professor Krausf analysed the leaves of lilac, Comwi vit 
llL,, ahd horse-chestnut v with the following results t- 
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lixs,m©>|enand] 

in autumn leaves as in summer-dried leaves, ] 

Ipng nearly, equal in both, while lime and other mineral 
Scatter is greater in the autumn leaves. , : : 4 

^ Similar figures hold good for the leaves of other for$s| 
%:ees; and it is therefore evident that nitrogenous* matter an$ 
phosphoric acid pass back in the autumn from the leaves 
Ko"the twigs, and that if the foliage should fall prematurely, 
Bathos, must lose a quantity of these valuable substances. ' 
||$?5ther secondary dangers caused by drought are aj^atei 
r of trees to insect-attacks, and increased dah^TOom 


B. Damage under Special Conditions 

gr \uyDywm* iJ0*e relative Susceptibility of trees when verj 
y^bung to be injured by insolation is shown in the following 
Sronps;:— . . 


& 


/Very Susceptible Species. 


m 


§4;Beecb, ash, sweet-chestnut, black alder ; silver-fir, spruce, 
ii. Susceptible Species. 

teLHornbeam, sycamore, Norway maple, limes ; white alder 
Cembran pine, larch. 

in. Hardy Species. 

uifft.s, Clms, field-maple, horse-chestnut, robinia, plane! 
; spp., wild cherry, poplars, willows; Scots, Austrian 
^Teymouth and mountain pines, and juniper.* 7 

fie drought of the year 1898, according to Mer, caus# 
[r;in the Vosges Mountains to produce only f—| 0 




ew and rain have iaore aeeeff: 


„., u When once a plantation has closed in, so as 
lover the soil completely, the chief danger from drought isjj 
Upl hat occasionally spruce poles have been killed, big 

prolonged drought. ' 

(c) Locality . — In plains. and hilly lands’, the danger fronts 
drought is greater than in mountains where the most? 
extensive f^tests are found, as then damper air, more, 
frequent precipitations and mdister soil prevail. Regions; 
over 1,500—1,800 feet altitude have little to fear from drought 
SmatPflat hills and narrow ridges suffer most of all. 

As regards aspect, the southern and south-western slopes’ 
suffer most from drought, and the’northern slopes least of 
all. In very narrow valleys which have been cleared b| 
trees, or are scantily wooded, the reflection of the heat front 
side to side greatly increases its effects, and rows of houses 
have the same effect on street-avenues. ' i 

• As regards isoils, woods growing on calcareous soils, and 
'especially on stony superficial soils above calcareous rocks* 
/suffer most from heat ; then those on stiff clays, whilst sandy 
/soils are more favourable as regards drought, especially when 
'the grains of sand are fine; woods on sandy loams and loams 
/Stand drought best of all. This is due to the following 
{{causes : poor shallow calcareous soil is not retentive of 
/moisture, while the porous rock beneath it drains away water 
jjjrapidly from the surface; marls and clays become hard whe| 
Exposed to heat and crack in all directions; coarse sand*' 
li affer /fcore than fine sands on account of the greater e*f(i| 
of the latter, which attracts water from below ; loahsSS 
Ally ahaorbram,dew and snow-water, and retain moisture 
mv> ” U,iad can; ^ therefore, ..eaS^y replace the loss $ 


-Weeds, and esj 

>rs of di'ought, 




pCoi& pQsition on the surface of the ground shelter 
|| trees from the sun. ' ' • • • :#f 

| ity Dimity of Crop — Woods in which the trees atsnd.MHMj 
%nt far apart from one another suffer more frpm -dr«R 
%m well-stocked .woods; isolated, clean-bojed ..standard^ 
path smooth hark, Such as beech, hornbeam, birch, silver-fir^ 
Specially at noon, reflect the rays of the sun eg to the soil,; 
lis shown in Fig. 242, and thus dry up the soil (found them-, 

* young natural - regeneration 
may fail completely ground 
such trees. J A 

(/) Weather and Season of the 
Y#ar .— The drying-up of little 
plants owing to drought may 
be recognisable early in the 
summer. A dry May with s 
continuance of cutting easi 
winds soon 'disperses tin 
moisture in the soil that hai 
accumulated during winter, am 
if there is insufficient rail 
in June, many, plants on area 
recently sown, or planted ma; 
be killed. If the dry weathe 
should continue throughou 
July, more damage- will Ja 
****** - ■ done, uni it is 

; the middle of. July 

(he plants; die, for the ,ma?ttaf| 

er -teteperiture is attained at abijut .^a. .■teonfch 

-'a,./ \ 1 ® - 4. 




pie' average* one year in five. To give a local example, tbfe 
$dOnthly rainfall and maximum temperature observed 
at Coopers Hill College, Surrey, are here given. , 
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Average Max. 
Temperature - $ 
jn Degrees Faur. 


Aver- 

ages 

1875-92. 

Diffe- 

rence?. 

1893. ' 

Aver- 

ages 

1875-92. 

Diffe- 

rences. 

mary **, 

~r 

1-29 

1*98 ' 

- ’69 
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bruary... 

8-07 

1*70 

+1*37 

— 

— 

— 

itch 

*88 

1*52 

-1*14 

55*4 

47-1 

+ 8-3 

Til 

*12 

1*77 

— 1*65 

63*6 

53*2 

^-10-4 

ty 

*76 

1-92 

| -116 

66*4 

59-8 

% 6*6 

no... 

'75 

2*22 

-1*47 

73*6 

66*3 

+ 7*3 

ly 

2*14 

2*72 

- *58 

67*4 

68*7 

- 1*3 

[gust 

1*85 

2*38 

-1*03 

72*4 

68‘8* 

+ 8*6 

jdember... 

101 

2*20 

-1*25 

68*1 

64 

+ *1 

tober ... 

6*10 

*2*01 

+3*49 

— 

— 

— 

member.. 

1*84 

2*64 

- *70 

— 

— 

— 

Member,. 

300 

ij2*0! 

-f *99 

— 

**— 


|otals ... 

jj , ■ 1 

21*81 

25*68 

-3*82 

* For 


ltKMARKS, 


•3«in. of the March raiid 
fell on the first 5 days 
the month, about *5 jtar'j 
on the 12 th .1 uly, and 2$ 
on the 10th October. • 

The temperature,’'"! 

above 80° F. on .the, ^ 
April, on 4 days in Jtraj 
day*, in "July, 8 days 1 
August, and once in t 
tember, the maximum 
91*8°, oil the 19th Au$jj 


For 17 years only. 


All farms on tKe shallow soil above the chalk suffered great! 
from drought, and there was scarcely any hay, and corn wf 
y#ry short in stalk. As regards the effects on forest groWp 
there was an enormous crop of acorns and sweet-chestnuts. 

|he lme blossom fell without maturing’ fruit, and isol&tp: 
|eech, elm and lime-trees lost most of their foliage in AuguC 
f be feyy fall of raimin February and Me first few day|| 
ilarch soaked the ground so thoroughly, tb|t a plantation^ 
|w&nky ai!ire4p{ 'Mree^year^pM Soots pine fensplants on 
^Bagsbipk siandi, in Windsor Forest* a eomplete suCcess^i 

L Protective Buies. 

4 iPwing the Fomwtwn of Wcotis. 



plants taken from the nursery with balls ot musm 
land their roots, stand drought less well than strong weM 
Oted transplants ; mound-planting also gives bad results.-!^ 
ij^dry years, and it may then be necessary to plant ontqM 
dy under shelter,# birch or Scots pine nurses'/ • V ' , 

& The Soil show be deeply, trenched, and sowing, 
anting ot yearlings, Should be carried out simultaneously! 
tth the growth of a crop of oats, or buckwheat, which will: 
ilter the young plants till the autumn ; the deeply trenched 
ill enables Scots pine seedlings to form deep roots, and soil 
hich has been well worked parts with moisture less freely, 
id is more hygroscopic than a compact soil. In yeais of 
tpught and on poor dry f soils, moss should be placed between 
te lines of sowings ; this costs about ill an acre, 
iih In hut countries, planting should be done at the very 
jmmencemetit of the monsoon, and sowing is often preferable, 
» many plants, such as teak, form very long tap-roots imme- 
Jtely after germination. Planting may also be done by 
^ns of plants grown in small bamboo- baskets, which soon 
ixi'ana allow the roots to spread in the soil. 


■ / ■ b. Rules for Nurseries, ■ • 
f$( Subdivide the area of the nursery by narrow evergreen 
hedges, or provide temporary side shelter by mats ; these 

i^uions are especially necessary for spruce; , 

planch the nursery-beds deeply in autumn, and ■' 
sods ; this not billy keeps 

^from :wee d f j ; ,| ^ « iri ' n promotes to development of stroh* 







to oaraen %m 

Ranches ^reused to protect; plants from the sun, ScoIb drjj 
^weymoutn pines are preferable, as broadleaved branches soon 
have their foliage shrivelled, and spruce needles ‘fall off, while 
|i}yer4r foliage is too dense. /■ 

2^(v.) Keepifc* beds free from weeds, as weeding prevents the 
Jot from caking, and renders it hygroscopic ; for this purpose' 
.the spaces between the plants should be hoed in hot summers^ 
Oven if there are no weeds. Soft earth may be placed on eitherj 
side of the rows of plants, when the beds are weeded. 
i, yl The plants may be watered, or irrigated ; it is best to 
'water in the evening, and when watering has been commenced 
: it must be repeated from time to time till rain falls, as i| 
encourages the formation of superficial rootlets, which would 
,soon die should the beds become too dry. On this account the 
beds should be watered only when absolutely necessary. • 
crust of earth on the surface of the beds, due to watering, mull 
■from time to time be broken up with the hoe. An account 
•of nursery-irrigation is given in Schlich’s Silviculture.* 

* c. Rules for Tending Woods . 

All epicormic branches must be pruned from standards 
^served in high forest, or over coppice, as they keep rain a$i 
|low from the young plants, and render the standards stag- 
goaded. The standing-crop should be kept as tlense as possibly 
mi the natural soil-covering preserved. Trees along tl| 
||uhdaries of a forest, or along roads, should be kept’ den^ 
nd ihe outer row be allowed to branch down to the grou^j? 
^ aS' tdi Exclude dry hot winds from the forests A serii||| 
^prirontal trenches may be dug along dry slopes, in ordefe;| 
%injbe. rain-water r;,' 

Rules . during Utilisation of Woods 1 . ‘ 

The seeding-cuttings on poor dry soils should be kept dark 
at the sameiime, after a good crop of seedtifigshassprubs 

V J’f.i'.'. , .*31 \ J _ ' 11 __ n 



up. ntootfJES 
^i>uld be established, running from north-west to jouth-eal 
I far as this can be done without danger from storms, soth 
be, young crops may get lateral shelter from the old wood* hi 
he south-west of them. ' 

Section II. — Bark- Scorching. 

1. External Appearance . 

l:;Ihe name bark-scorching* denotes a well-known malady 
fees; which generally occurs on the western or south-western' 



T,T " ’"' "t v " ■','*' * -;. 4. /, "■ \,‘ i*> 

$!Is <>ff in pieced. OTxe injured sapwood turns brown, m 
-,rown colour fading gradually towards the still sound wood, 

- The exposed wood becomes rotten owing to the admission and 
germination of spores of various species of Polypoi'us. By 
atrong and repeated insolation, the rot spreads in a wedge* 
Shaped manner dawn into the heart of the tree in the direction 
hf the medullary rays (Fig. 248). *>i 

// The destruc|iveness of the fungi is frequently hastened b| 
the fact that a' strong growth of grass and herbage dries ujc 
the surface moisture of the soil. 

2, Explanation. 

’ * Bark-scorching is the result of ^powerful insolation. If ib< 
Bun beats directly on a stem, its 4 west and south-west side! 
Jbecome considerably heated. The southern side of a tree ij 
'less heated owing to the frequent easterly wiiMs, which blov 
during hot anticyclones when the sky is clear, and skim pas 
■tjie southern side of trees, and reduce the temperature of the! 
nark and sapwood on that side, whilst the W.S.W. side of th 
%ee is not affected by the east wind. TMs, explanation 1 
i confirmed by the fact, that when the southern side of a 
'is scorched, it has been .found to be sheltered from easferl; 
%inds by an adjoining den£e wood. The greater effeefc of th 
rays on the W.S.W. side of a tree are also due to theta* 
that the maximum daily temperature is in the afternoon, w,he 
sun has passed the meridian, and that the lower the 
the inore'direct are its rays in the radial direction pkM 
0&m, and the more intense are their effects. ■ . ' 

5 ; Yonhausen found that the maximum temperature on $ 
of a tree, between its hark and sapwoo^ ^ 
lie air-temperatee was '^l 0 F., vvhiie 
Jfevdria, on the* ,18th August, 109% with an air-temperatrt 
F*, Hartig observed a temperature Of 
tbetween fhe Barji and sapwood Of some isolated 80-year 
^*LiirihtTim piilla nf Murotfean trees cannot wi^ 



8. Damage done, , 

{a) In general .— This malady reduces the technical Yalue of|| 
i@ stems and frequently kills a tree. The* forest-owner thu|| 
iffeife a loss of timber and increment, to which maybe added| 
anger of breakage and of insect-attacks, and exposure of| 
<>ung growth requiring shelter. ^ 

10) Species.— Bark-scorching affects chiefly trees with t^jnj 
l)A persistent smooth cortext, free from cracks. * *■ 

' Species of trees that produce thick bark, and the bark of| 
iich is rough and fissured, do not suffer. Their dead coarse; 

is a. bad conductor of heat, and never becomes heated to/ 
he same extent as smooth bark.* The bast under coarse bark; 
ffers a further protection to the cambium against insolation, , 
- Beech suffers most, then spruce *and Weymouth pine;'; 
Jext come hornbeam, ash and sycamore ; next, Norway maple, 
irne, horse-ch|stnut, sweet-chestnut, cherry, rowan and apple* 
-ee, sometimes silver-fir. 

Oaks, elms, field-maple, birch, most species of Pyrus, Scots 
:|ne, black pine and larch never suffer from bark-scorching, 
\lipl part of theffree. — Bark- scorching affects only the clear 
' % of a tree; ; and generally its lower part from the ' baa 
upwards. The portion of the stem which is immediately; 
bove the root-stock suffers most where there is no underwood, 
•wing to 'the, heat reflected from the ground, while the fac$ 
^t sap is earliest in motion near the base of trees may; 1 
■^tribute. The taller the stem and the higher the crowfl! 
%0V6' INs, ground, the more exposed is a tree .to scorching; 
^ W branches localise the injury to the part of 
l^^fehvislbelow them. Stems covered with moss $jj 
4nsolation, and so dp trees that are branch^ 

n example of the bad effects *of pruning ; trees exposed id 
may be seen in the Mirwart Estate in the Belgian 
a number <rf;-spruce trees, planted,; to give 
iae along the eastern side of a meadow have teen- prun$| 

'b‘ . v i-A- .S:,‘ f 


o/Tm^The trees mentioned above are exposed 
Injuries by bark-scorching from the age of poles upwards, but| 
large trees suffer more than smaller ones ; the latter, owing to| 
phe greater curvature of their stems, do not receive so muck- 
direct heat as the former, and they radiate heat more freefjS 
than large trees. In beech woods, where bark-scorching is| 
Sequent, 60- to 70- year-old beech trees suffer most. 

*(e) Position of Trees.— Bark-scorching attacks treeB standing| 
in the open only, and especially those which have been-* 
Recently exposed, after standing in a dense wood ; also trees*; 
'along the westerly and south-westerly boundaries of a forest.J 
Trees forming a^dense leaf-canopy are never attacked, 
their cannot become heated like that of exposed trees, 1 1 
jBxposed trees do not always suffer in the first year after : ij 
Exposure; sometimes four years pass before bark-scorching^ 
Recurs, but this depends on the state of .the weather. , 
f {/) Locality . — The locality and its surroundings, and tkd;i 
.nature of the soil-covering , may be here considered. 
jyest$tly and south-westerly aspects are most exposed tq^j 
3 &j$&ger, any woods forming protective zones in these direct 
pons prevent or reduce the effects of insolation. IJndergrowthji 
ijand soil-covering of dead leaves and humus are also useful, a$£ 
pie reflection of the sun's heat from the ground is muel| 
[greater when the soil, and : especially calcareous or sandy soi|| 
exposed. The malady is most frequent during the bq| 
itoonths in beech forests* 


4. Protective Rules . 

(a) Avoid fellings by which beech- or spruce- woods mag 
peome exposed to. the west, south-west, or south. |g 

0) Do not leave beech-standards hear the threatqnal 
onndaras of a wood. In Prance it has been usual to lop tfc| 
tde branches of trees in woods bordering on roads, in orfc 
> prevent i^ry to the roads by drip and shaded This 
Reposes fee^ ^pd^ther smooth-barked trees ''0 'scqrchg^ 





or BVtm mm to brancn xreery 
■fee ground ; this may be secured by mating timely thinning 
h young woods. 

l {e) Avoid high prunings in the ease of beech standard-treb^| 
•r any pruning of beech or spruce treeB growing in hedgerows^ 
■|(/) Protect the soil-covering of dead leaves, moss, etc,, an<| 
Reserve the undergrowth along the borders of a forest. 

? (g) For the protection of specially valuable avenue tri 
iheir hark may Ire smeared with a mixture of whitewash, clay| 
and water, cow-dung and water, etc. 

Trees that have been scorched should not bo removed, as* 
they shelter trees behind them which ypuld otherwise b& 
attacked ; it is better to form a protective belt of some shade^ 
bearing species, and not to remove the injured trees till thijf 
has attained a sufficient height. ; •'« 


Section III. — Heat-ckack. . 

v Beling states that cracks in trees have been caused bf 
Relation ; this hapfins in the spring (April and May)>whe| 
-there are considerable differences between the day- and nifn| 
jbmperatureB, and the ground being still cold, the centre of fch^ 
-free does not expand, so much as the bark. Creeks are thU| 
formed on trees standing on southerly or south-westerly sloped 
Jbiefly on beech 8(T to.7Q years id, but also on sycamorj 
gornbeam, oak and ash. The splits extend up the siremJrOp 
|ea» the Jev^l ol ibe ground to 20 ' and more feet in hlgffl 
§wing to th« dffing and loosening of the bark,* local 
^ay into the wood, but small cracks usu^ffi 

|ps$ u:|i\gaip'’'^|houtAny permat$&i injury respiting; ;t m 
l|fehlich : ;obseiPvea in* the early; part' of iSOfi'during^kom 
^^‘thatihe' Wk of heechrstandards crS^ 

$m ' rose ' in " the ' morning. ’ All . sueb^racks.,^ 

'pk jjfcfer sOutM^ the, 
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CHAPTER III. 

PROTECTION AGAINST WINDS. 

y*WiNi)s may be classified in various ways, by their speed, a$> 
■winds and storms ; their origin— land- or sea- winds ; their j 
direction according to the point of the compass from whicli| 
they blow ; the damage they inflict on forests, by. drying upj 
the soil, impeding height-growth and the formation of A| 
regularly-shaped crown in trees, or by breaking and ovetlj 
throwing individual stems or whole woods, the last injury 
being caused only by storms. * , 

V Wind, by blowing caterpillars from older trees on to youh|| 
growth, niay also increase the damage done by insects ; tm$l 
has been observed frequently in the case of attacks by the 
imoth. Winds also spread the spores of fungi. 

Section I.— Prevalent Winds. 

Cy South-westerly winds are most prevalent in Central Europ 
^Specially during autumn and early winter. They blow j 
Eool winds during -summer, and are comparatively warm j 
venter, and bring much moisture and rain-clouds from fcf 
Ocean. Dry winds from the north-east and east prevat 
v|eheraHy during the spring, the cutting north-east wind on tt 
yjoasts of the*Adriatic being termed bora. The well-kno^ 
EoM north-east wind^ named mutrcd, blows down the Rhoi 
-Jdlef, in ’Franee, and in Switzerland a hot dry wind fro 
Che south frequently prevails during the summer months at 
termed /dte. ; €old winds from mountains down on to valle; 
plains blow generally it night, forniing air -cataract*. 

,■ L. Damage done. 



, „ . * J8 of fungi) ^ 

paiterly and north-easterly winds dry up the soil and yon 
fits, and injure the foliage and fructification of trees. Strong 
westerly winds cause a misshapen growth of the crowns 
^.. ;i OTes, especially near the sea-coast and on the south-westerly 
left's of forests, where the trees are stunted in height and 
ff &0ir crowns bent over towards the east (Fig. 241, p. 518) ; 
p|0y also break off blossoms and tender shoots, whilst daiSpj 
l^inds near the sea-coast also injure trees by the salt they carry,, 
gs|rhich the rain washes from their leaves into the soil, rendering, 
fit salt and unsuitable for certain kinds of vegetation. This 
Ifnfluence may be felt to a distance of five miles from the sea., 
||jv- The results of these injurious influences are i—impoverish- 
|&ent of the soil, a rank growth of weeds, failure of reproduc- 
languishing of young growth, loss of increment and, 
of old trees, spread of fungi, etc. 
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B. Damage under Special Conditions. 

gppfa^ Species * — Broad leaved trees suffer more than cqnifpj^ 


my, 

^foandry winds 


3jg-®ie tender young foliage and inflorescence of beech and horn* 
3^ajm are frequently so dried up by the north-east wind tb&f 
_^ey appear to bpe been frozen or scorched by summer heat| 
^She elm, oak, lim,e and birch are less liable to damage. 
p, Where the larch is exposed to south-westerly gales, especi| 
2Py on shallow soils, it becomes sabre-shaped, curving- ou|f 
and upwards from its base ; this is due to the win| 
= irons its seedling stage contiuuallyr blowing the*tree out of 
Vertical direction,, which it strives to.regadn by.contid 
^waf^ gri^th. Orchard trees are similarly effected; wh 
-Jijlars and wdlows grow with their stems bendingtowa 
^e,«asi . '■ , 

'^^fjr^ards. fhids blowing from 

Mack pofta* and birch widistaad tii&r 

l/ll -^t&ILiLrldh : 
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tKe' ; cluiir& > IdattlliMe pinf 
/M of broadleayed spiles, sycamore, Norway maple and white 
*o^lar are very resistant. Oak suffers somewhat from saline 
jiray, beech still more, and the spruce most of all. 

'i'(b) Age of Trees .— Seedlings and little plants, especially $i 
owings and plantations, and young coppice-shoots suffe* 
*iost severely from cutting winds, until the ground is coft 
ileteiy covered by their interlacing branches. Coppice suffeS 
aore than high forest, especially when the rotation is fhor 
md high forest suffers the less, the closer is th$ leaf-eanop; 

(c) Locality . — The most exposed localities are coast forests, 
mltivated plains with hedgerow trees, ridges and tops of 
fountains and bills, valleys running east and west, easterly 
spects unprotected by higher hills, unsheltered plateaux, etc! 
The amount of soil-desiccation by wind varies with th$ 
mature of the soil and wind. The faster the wind blows, tho 
;iore moisture is removed from the soil. The damper the 
oil, the more water it loses, but deep soils suffer much less 
ban shallow soils. Soil covered with low vegetation loses 
he most water,, that covered with dead leaves and humus, 
last. Bare soil is intermediate. Dry winds, under other- 
.Ise similar conditions, remove more water than moist winds, 
m3 warm winds more than cold winds. Wind also reduces* 
he, quantity of carbon dioxide in the air contained in the soil;, 
fid reduces the soil-temperature, the greater the velocity of 
^•wirifi and the greater the angle at which it meets the 
j^jface of the ground. Late spring and early summer are 
4$ most dangerous seasons. 

2. Protective Rules. 

Jljle cliief rules consist in the maintenance of a good leaf- 
^hpy, -especially in localities exposed to prevailing winds* 
^ng ; sea-boasts, therefore, and in high' mountainous regions 
exiposed ; pke^s, natural regeneration, selection 
l^grand the formation of protective belts ate advisable. I 
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|M 3 ti 6 nof the wind precludes clear-cutting, establish ».& 
putting-areas. 

% , (b) Planting with balls of earth is advisable ; if plantii 
' being done during a dry 

wind, the plants’ roots sh 
not be exposed even for 
minutes, unless they 
covered by damp moss. 

(c) Sowings should 
from north-east to souths 
and soil should be heape* 
on the south-east side of 
lines, as shown in Fig. ! 
this secures the y^ung p] 
against frost and Keat 
is also the best prote< 
against dry winds from 
east and south. It can, i 
ever, be employed only or 
ground, for sowings on si 
must always be horizontal, in order to prevent the soil 
^§eeds from being washed away by rain, 
p.. (d) Mix conifers with broadleaved trees. 

(e) Belts of conifers 20 to 30 feet wide as in Fig. 245 sb 
^intervene between broadleaved woods and cultivated land, 
|ahould beestabliabed along forest 
broads. Corgican pine, spruce and 
fealver-fir are the best species for t 
|pbe purpose] but if the soil is too : 
sdry for$iem, Scots or Black 
Spines may be used. These pro- 
" active belts are extremely use- - 
i in sheltering woods from , . v 
rvent the removal ; 


* 
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Fig, 244. 
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psrmOM drip from overhanging trees. IW'ff 
greatly preferable to lopping the border trees along a road- 
side, which, besides its unsightly appearance, admits the 
wind into the forest, and exposes the bark to sun- seeching, 

. (/) All undergrowth which springs up klong easterly and, 
north-easterly forest boundaries affords a natural protections 
belt and should be carefully preserved. ' :f t 

(g) Coppice should be cut from the west, south-west VS 
north-west towards the opposite bearings. In high forests! 
this is only permissible on plains which are exposed to thb; 
east and for storm-firm trees such as the oak. 

Section II.— Storms. 

1. Origin of Storms. 

All winds are caused by differences in atmospheric pressure! 
resulting from unequal temperatures of the air in different 
^localities. Whenever the equilibrium of the atmosphere is! 

thus disturbed, a current of wind sets in to restore it.- 1 f 
'V A storm is a wind with a velocity of at least 20 to 25 meters ? 
Vin a second. Its approach is accompanied by a barometric 
^minimum. A hurricane has at least a velocity of 85 meters 
5per second. 

I 1 .; 1 A line joining all places having the same atmospheric pres-J 
Vure, as indicated by the height of the barometric column $jfj 
^ercury, after compensation for the elevation of the placi^ 
.Vbove sea-level and for temperature, is termed an isobar. v| 
"ip If maps are drawn, as in the Times' weather reports, show 1 ! 
fhg the different isobars for every tenth of an inch, it will bS 
.Votieed that they surround tracts from which either the presf 
"Vure decreases in all directions, termed barometric maxima o| 
^nUeydones; or, from which the pressure similarly increases^ 
: Srhich are termed centres of depression, barometric minima 

he- always blows from the regions of high pressufel’ 
Jawards the depressions, ue,, from an ftntieyelonic regfe^ 
Vw^rd^' jfc centre of depression ; it does not, 1 tewever/ Wo'$J|| 



, j^cn gives it a twist to toe right l^. the northerly nemispnere^ji 
;He strength o! the wind varies with the barometric gradieniM 
k difference in atmospheric pressure at places distant one ;| 
bo^i^cal mile normal to the isobars. The closet 1 , there? || 
q>r$, tie isobars are for any difference in the height of mer?p 
Jirial column, the greater is the gradient and the stronger the fj 

ftThe isobars become crowded together wherever the pressure^ 
||ow6St, and this fact, combined with the twist to the right. | 
t the winds rushing in from all directions to fill a depression,^ 
?ffses the. revolving storms also termed cyclones, the absolute, | 
^es of which are more or A calm. $hus on the southern 
% of a depression, the wind blows from the S.W., bn its : | 
ostern side from N.W., on its northern side from N.E., andfl 
'h its eastern side from S.E. -t 

The isobars are closest together on the western sides of' ^ 
spressions, so that the strongest storms come from a westerly "i 
faction (S.W. to N.W.). The depressions usually pass to 
: *enoHh of Central Europe, and traverse the continent from A 


:est to east, so that storms usually begin blowing from S.E. : | 
hd gradually change to S., S.W., W., and N.W. Most of I 
;»ese storms travel across the British Isles, having originated | 
4 the Atlantic ocean or Gulf of Mexico, but the south-easterly | 
fraction o 4 f the wind before a cyclone is not very noticeable here.1 
"Powerful storms therefore depend on the existence oil 
irometric depressions, which may be only partial or irregula$| 
derruptions of an isobar, in which case the storm extendi! 
fet a limited area only. Violent storms of limited extenfj 
ut withs teep gradients that do considerable damage, over' 
jrrow zone of country, are termed tornados, v f| 

4The direction of winds may be considerably modified ifil 
lountainous countries, by the spurs of the mountains as wettj! 
^M^ditections of the : valleys, west' irind maybel 
a north or south wind during ® progresi| 

jsap&m a 

and&Wth-west ^ind, weai 



xiie rases or storms are given as follows by Rouse : — 


Storm, or tempest 

Yards 
per second, 

Miles 
!>er hou* 

24 * 

fjreat storm 

29 

60 

Hurricane .... 

40 

80 

Destructive hurricane 

49 

100 


2 . Damage done. 

A. General Account 

Storms shake the roots of tree** up and down in the ground 
% ma y e ^her £>i ve & tree a decided leaning in a particular 
: direction, or tear it out of the ground by its roots and with; 
the earth adhering to them, or break its stem or branched 
Such uprooted or broken trees are termed windfalls , v 

Whether the tree is blown down or broken depend! 
partly on the intensity of the storm and partly on this! 
lelative power of resistance of its roots or stem* Breakage 
happens when the roots resist better than the stem, windfall 
when the roots are the weaker. Breakage may also be dm* 
$° tree falling on others. The amount of resistance^ 
>> storms which the roots or stem of a tree offers, equal coj^j 
\ ditions being presupposed, depends on the nature of the 80% 
|its,compacity and degree of moisture, e.g . 9 whether its resist^ 
^ce has been weakened by heavy rain before a storm), auj 
^at of the locality (plains, or hillsides, aspect, gradient, ete*|| 
’ Independently of the above, the storm -firmness of our tree^ 
paries according to specks, length of hole , nature of crownf§ 
fftvndness of the wood, density of crop , mode of formation, anjd| 
■fending, as well as on other local circumstances. Each $|| 
Jihese factors will be considered separately. 

-<h l ' 00 ^ 8 of t|e trees, that are stretched by the wind afe 

kenned ap^p^roots, those on the lee side of the ire^prop^ 
opinion is that the anchor-roots h<*$f 
against a $cm, a£ the anchor holds a ship! 

.J^em, agrees : with Nbrdlihghi? ; -in 5 'Attaching mbip 
Wyo&to prtp*oote.' M%>pori of this he ste||| 

*<?&&'* $,vthe trees o 



^eir prop-roots in softer soil.' 

Stags not only overthrow single trees, but also whole woodsy 
,woolmay have narrow clearings cut into it by storms cotre-| 
bonding to their direction, or large blanks may be made. 
breakage may be oi stem, fork,' crown, or branches ; the stem| 
lay he broken off close to the ground, or at some distance abov6| 
*4 and whirlwinds frequently twist the entire crown off trees. ^ 
- The damage done by storms may be direct or indirect. < Ji 
To the former class belong -.—Loss of increment and, 
breakage of timber, which may become only fit for firewood 
fjunage to young growth owing to the breakage of underwood 
vy trees. standing over it which have been blown down; 
increased cost pf exploitation or of reproduction of woods; 
reduced prices, owing to an excess of material being suddenly, 
thrown on the market; irregularities in age-classes and in 

carrying out working-plans, also disorder in thinnings an m 

Preparatory fellings. The disturbance of a forest working- 
San may be so great, that it may become necessary to 
recalculate the annual yield of a forest, and to prepare a new 

'table of annual felling-areas. ' 

f Indirect damage done by storms is chiefly confined to. 
Invasions of weeds in the blanks and regeneration-areaS 
where the trees have been blown down, and to attacks of bark 


ss. 


B. Damage under Special Conditions. ; j 

■f la) Species of Tree .- Conifejs are far more exposed *1 
lamage than broadleaved species'. Extensive destruction pi 
Inoadleaved woods by storms is comparatively rare. 

4'It would be difficult to draw up a comparative table of treei 
Hf different species according to their capacity to withstand 
|totms, as the amount of damage done wjreatly modifier 
t|i v ckcumstaces; but evergreen iollage^jttd sb ovfj 
render trees liable to'be broken of blown 
“lifted two qualities are united in th$ spruce, thi #$£***.& 
SeWif'&ble to damage by storms, as experience h^s 

suffer, more than the/*pi$ 
-iris ' U, m. to. .the the soil, to hlje extraordim 



&a‘ silver-fir, or Scots pine, with stroit§| 
febt-systems, are hindered from developing them normally^ 
owing to the nature of the subsoij, they are exposed to danger^ 
equally with the spruce, and even more so ; for in such case^ 
they are compelled to have shallow root-systems which, unlikej 
the spruce, they rarely develop evenly in all directions^ 
Danger is also increased in the case of the Scots pine by the’2 
higher centre of gravity it possesses than the spruce. 4 /> \ 
A list of species arranged in ascending order of storm- j 
firmness can therefore be drawn up only If ter allowing for 
the effects of local circumstances on each species, and pre4 
supposing a rational treatment in accordance with sylvicultr**^ 
requirements. 

From this point of view, conifers are arranged in the follow^ 
ing order : — Spruce, silver-fir, pines and larch. Ofc the pines, i 
the mountain and Cembran pines are most storm-firm, thei£i 
the Corsican pine, the Black pine, and the cluster, Weymouth: 
and Scots pines. . 

As regards broadleaved species, those which are sbaUpw-v 
rooted, such as aspen, birch, beech, and hornbeam, are leasfe 
storm-firm. The beech is more frequently blown down than* 
any of these species, because it is most abundantly grown. J$$ 
: the woods above G6rardmer, in the Vosges, the porportion o| 
; beech increases under natural regeneration with the altitude^ 
the mixed forest of silver-fir, spruce, and beech; and at thf 
|0rcst of .the mountains, 4,000 feet, beech alone remains, thgj 
pbniiers being unable to resist the prevailing westerly gales| 
rjj he following trees are f|irly storm-firm ash, sycamori^ 
Norway maple, elm, alder, lime and walnut; the deep-roote| 
Daks withstand storms best ofall. 

\b) Age of Tree.— Storms chiefly damage woods of advancef; 
ige, the second half or last third of a rotation* being most: 
endangered. * _ ' ' -i 

^Extensivp damage is rare in woods under sixty years of 
afid occurs only, under exceptional conditions, such a| 
stiallow-roofeedness of young woods, soil without much cojij 

in very exposes 



•still in breakage. •* . , • , ' v|w 

* In the storm on the Baltic coast in 1872, in the Greifewald^ 
^5-yeara-old Scots pines were affected. . In 1876, 15 to .affjg 
'years-old spruce and Scots pines were seriously damaged. Ib^ 
; >ome pole-woods 25 to 80 per cent, of the stems were bent a«t| 
'angle of 80 degrees towards the east and north-east. . r| 
( f ) System of Mamqment.—Eigh forests are most exposed^ 
jo danger from storms. The shelterwood compartment systeffi| 
leaving mother Ifees evenly distributed over the felling-area, | 
% m ost endangered. In localities'exposed to storms (mountain | 
j^eg, etc.) this system is inapplicable, as the mother trees are; 
Jlmtably blown down. 

f ' Whether uneven-aged and irregular Selection forests suffer 
%a 0 re front storms than the even-aged woods of the Clear-, 
"cutting' system, is still an open question, whicli can onj£, 
;be answered after thoroughly considering the modifying. 
•\flamce of localities, and the degreo of skill with which the;; 
-;thmnave been treated. Hesse believes that the Selection. 

Group systems give more security against Btorms than 
;4;iie Clear-cutting system, as the trees in the latter are moie 
Crowded and have weaker roots, but under the former systems; 


>|he trees to be felled must be very carefully selected.* ^ 
4v Among the coppice systems, that of lopping side branches if 
•Ifhe worst, as trees so treated have long narrow crowns, on whic| 
the wind can exert leverage. Pollards suffer less, and. ordinary 
poppies least of all. Coppice-with-stan^rds is also sfconp* 
%m, as only the standards can |uffer, and damage to the|| 
|s inconsiderable, owing to their strong root development anij 
^.uniformity of their crowns, ; |ue to their growth mtbewenj 
J Nairn of Stem. — Long, cylindrical stems with elen|S 
-and expanded crowns, having high centres of gravity, ^ 

affording strong leverage to. the winds, 'are greatly exposed 

“lamage by storms. Thus standards in high fere'st abo^ 
ifoupg growth We peculiarly liable to be thrown or brokers 
Damaged or sickly trees, such as forked trees, thpse wif{ 
ifloftVRd' rods i .trees IuiiiMi 



ffpSlifgriiS tree with the soil' attached' toW roots'! 
[host frequent in the case of spruce or beech. 

Breakage of crown or branches is most common in the eaBe 
Of Scots pine, alder, ash and roftnia. The forked branches 
find crown of the two latter species are frequently broken by 
storms. In the case of oaks it is chiefly the dry branches qi 
stag-headed crowns which are blown off by storms. In th< 
Vosges, a distinction is made between silver-fir trees with i 
U fork and those with a V fork, 'the latter being more liable t< 

breakage. Cankered silver-fir are very liable to breakage. i 

(e) Locality . — M Germffny, forests on hills and lov 
mountain-chains are more affected hy storms than those if 
higher mountainous regions. During the ten years, 1870—80 
in the Thuringer-Wald and the Harz, damage by storms wa 
chiefly at altitudes of between 800 and 1,800 feet ; but in 1876 
extended to 2,800 feet. This is because at higher altitude 
spruce trees are shorter in the stem than those growing Imye 
down, are also grown less crowded with low crowns in Selectio 
ijtorests, and have thus greater powers of resistance agaim 
storms than the crowded lanky stems of lower altitudes. 

The configuration of the ground has a maiked influence op. 
the amount of damage done to forests by storms. ^ • 

Gentle westerly slopes bordering on extensive plains 0| 
plateaux suffer greatly, and so do outlying hills and mountai| 
ridges ; also, narrow valleys running from the west or southl 
west towards the east or north-east. The damage is the| 
done on the north and south slopes of these valleys, whie| 
the wind attacks in flank. Every bend in the valley redue^ 
the violence of the wind. To endangered loaalities also belonjj| 
hiils at the. end of narrow valleys or outliers that project in| 
them and steep slopes directly in the way of the storm. 

■ A storm that descends a hillside is much 'more dangerod 
than one blowing up-hill. Whenever south-westerly windj 
prevail, a storm, after crossing a mountain ridge, muh 
descend "its north-easterly slope. If the west or south-w<j| 
slopes of Hie hill are denuded of irees, or if the wind has | 
Ind 'its'^’^Moss fhe fidge through^ narrow feUing-a^ 

AecfWSpdi. 



Moves, and this increases the -violence of the storm, . 

: It is found that storms, do more damage down-hill than’ 
up-hill, and for the following reasons ;\j 
\ i. The root-system of individual trees is usually weaker 
iown-hill than up-hill. Not only the anchor-roots, but alstt] 
•’he prop-roots are more oblique in the soil to the wind- 

direction on the easterly ^ 
aspects, i.e. f away from they 
wind. The descending storm, ; 
therefore* finds only a feeble f 
resistance in the roots ; the , 
wind blowing up-hill has to 
overcome not only the resis- 
tance of the anchor-roots, but 
also those of the prop-roots. 

ii. An ascending wind has 
to contend with the friction 
of the tree-crowns, as weft - 
as of the soil, which reduces 
its force. Moreover, the 
prop-roots of the trees on 
the western slopes, exposed ’ 
to the wind-direction, are; 
more vertically inclined to] 
the latter, and "therefore; 
|jfer a stronger resistance, than on the easterly slopes. | 
% iii. -The centre of gravity of a tree has to be raised less] 
%en blown over from above than from below, as the annexed 1 
Ingram shows:— .| 

^Here's is the centre of gravity of the tree, and w,.w 1, two] 
Igote- and if tor tree is to be thrown up-hill by the wind, $ 
raised through a h if down-hill, through c df, which| 
b. The greater the gradient of ,the slope, th*| 
"•^re , endangered is the tree. , . , ( ; ; v 1 ' $ 

nf th# anil exercises an tth 1 ™ 




$$d sandy soils; soils above a subsoil 6! stiff clay, into wliicftj 
it}© trees’ roots do not penetrate, are also very subject to wind* ' 
fall. It has been observed that windfall in the Schwarz wald is 
more frequent on the red sandstone formation than on gneiss,; : 
gfanitje, basalt or porphyry. In woods that have been planted? 
bn the sitqs of old fields, windfall is frequent, owing to thej ? 
looseness and comparative poverty of- the soil in mineral? 
matter/ Soils in which root-rot frequently occurs, such as?- 
Calcareous soil, or land with a wet subsoil, are liable to windfall^ 
; A high soil-covering, such as heather, broom, thorny or; 
shrubby undergrowth, is Beneficial, as these plants bind; 
together the particles of soil, and also exercise considerable * 
friction on the air in motion. ' :'1 


The state of the weather before and at the commencement ; 
of the storm also exercises considerable influence on th6i! 


damage done. * 

Heavy rainfall accompanying a storm greatly diminishes 
the coherence of the soil, and increases the danger of up- / 
rooting, its effects Vary of course with the nature of the soil! 
This was the case on the occasion of the terrible storms 
1872 and 1874. Frost, on the contrary, greatly increases tlte;? 
coherence of the soil, especially when the ground is covered?! 
with snow. 

(/) Density of Crop .— Trees grown in the open, owing te 
their well-developed root-systems, and low pyramidal crown% 
/withstand storms much better than stems which have been 
drawn up' in dense woods. Trees recently exposed in thia,- 
mings and regeneration fellings suffer most. The -latter 
improve in their powers of resistance, as they get accus- 
tomed to their open position. Their root-systems becon^ 
Enlarged ; in crowded woods, however, the stems afford onl 
"another mutual protection against the wind. ? 

? Damage is considerably greater in isolated woodlands than 
fin extensive? forests, as the various crops in the latter affor| 
$ne another mutual support, 

; • j (g) Seatmgr&iovm may occur at any season of the year, b|| 
s|prrfa,are dhrijag the six months hetwe^ 

- Storms in spring are^ 
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ihd rime have been recorded in all the Eoyal Forest distric 
and the results published by the directors of the For 
experimental stations. This praiseworthy undertaking shot 
be followed by all State Forest Administrations. . 

f. : 8, Register of Storms. 

During the past century, the following are the dates of f 
inost widespread and disastrous storms : — 

1800 (3rd and 9th November, especially in the Harz). 

■' 1801 (29th and 30th January).' 

; 1838 (17th and 18th December). 

3 1884 (4th January). 

; 1836 (29th November and 24th — 26th December, fr 
'ihe E.). 

1 1889 (30th — 91st October, especially in the Harz, fr 
'the E.). 

: 1842 (3rd May). 

t 1853 (14th and 15th December, from S.E.). 
r . 1866 (16th November). 

Tf 1867 (8th April). 

K 1868 (7th, 11th, and 29th December). 

| : 1869 (17th December). 

^’,1870 (26th and 27th October). 

% 1872 (12th and 13th November, especially near the Ba 
%om the N.E.). , 

|r, 1875 (8th and 13th November). 
p ' '1876 (12th and 13th March). In thief storm, about th 
llaillion cubic feet "of timber were blown down in the S 
land Communal forests of Hesse, or 84 cubic feet per s 
Peeing 125 per cent, of the total annual yield of the fori 
fee same storm cleared 24 cubic feet per acre in the Ss 
Imprests', or 40 per cent, of their fixed annual yield. Du 
i|e same year, 850,000 cubic feet of broadleavecf trees ; 
Bpttfn .down in tfie Forest cif. Compiegne. , 

^ (30 th and ' 81st ‘January, and .. l^^and; ! 



\;1881 (14th and 15th October). 

1888 (17th — 19th October). * 

£ 1884 (20th and 28th January). 

; ',1885 (15th October). ' 

188,8, (24th— 26th November). 

189^(28rd, 24th and 27th January). 

;; 1892 (29th-— 80th March, in the Vosges ; from E.). 

1 1898 (16th and 17th November). Terrific storms over the 
north of England and Scotland accompanied by violent 
rain, the wind blowing at 90 miles an hour in the Orkneys; 
1,850,000 frees, valued at £282, 268, were blown down in 
Perthshire and Forfarshire, the only conifers resisting the gale 
being Corsican and maritime pines. 

!■ 1894 (12th February and 22nd December). The December 
Storm was similar to that of 1898, and only did less damage 
to the Highland \oods because there were fewer trees left 
to be blown down. Great ’ numbers of rooks, starlings, and 
other birds were entangled in the branches of trees and killed, 
or blown into the sea. 

1895 (5th — 7th and 12th — IStli December ; chiefly in S. 
Germany, but also in Schleswig-Holstein and the Harz). 

2, 1895 (5th— 7th October, from N.E.). 

|f 1898 (4th— 7th December). * 

| 1899 (12th— 18th January). 

1900 (14th February ; 28,000 trees, including 15,000 oaks. 
Mom down in the Forest of Berce, Sarthe). , 
f ; 1902 (18th February ; 292,500 cubic feet of timber, chiefly 
Spruce, blown down in Forest of Gfoardmer, Vosges; fronc 

kE.). f ■ 

£ Taking a general view of the storms in Central Europe 
-luring the past century, the years 1801, 1888, 1868, 1876, 
'|S98, and 1894, have been the worst, and there has been, oi 
|be average, one destructive storm-year every three years. ' ;. 
5 : Whirlwinds are of rare occurrence in Central Europe, aii( 
.f#e usually only of limited extent and short duration. 

’$8 1st; 1877, a whirlwind fifties to the nortfc 'I 



p5ver and Charleston are subject to terrific hurricanes, and 
feugust, 1893, scarcely a tree was left standing in the islan 
ptttere; nearly 2,000 people were killed, and £1,000,000 wor 
1^)1, property destroyed, the wind having blown at the rate 
miles per hour.* • 

4. Protective Buies 
a, Dhring the Formation of Woods. 

i. Favour the cultivation of broadleaved species wherev 
fethis is possible. The damage done by storms during the la 
pten years is a warning to foresters who are so readf to conve 
phroad leaved into coniferous forests ; this should be done on 
ph cases of extreme urgency. 

ii. Drain damp localities before making regenerate 


iii. Use strong transplants 4 to 6 feet api&t, so as to ensu 
gthe growth of sturdy, trees. Planting spruce gives bett 
presuits than sowing it. 

f Mix deep-rooted species with shallow-rooted . ones ; f 
Instance, mix oak, ash, Bycamore, larch, or Scots pine wi 
Hteech and silver-fir, and silver-fir, beech and larch with spru< 
p,;„-Von Wiehl (Olmiitz) placed rows of storm-firm trees 
f^sjuce woods every 150 metres, five or six rows of oa 
)in {.Mimore, Scots, Weymouth, and Cembran pines, according 
j^the soil and locality, transversely to the storm-direction, 
|t$ land from N. to S., elsewhere parallel to the sides. 

Maintain protective belts along the boundaries oi a forei 
here prevailing winds are to beared, especially along fan 
hd neighbouring wetlands. Boundary ditches should n 
lie dug along these boundaries, as they cut through the roc 
|lf the nearest trees. 

b. During Tending . 

IH^arly, frequent and moderate thinnings should be mac 
o ensure normal root-systems, sturdy stems, and reg 
frowns* During the thinnings, as far as • 
\ the proper density, of the crc 




Ifjart or $luo!i are, forked, diseased or affected with fungi/ Iff 
} the proper tensity of the crop would be impaired by wholesaled 
"removal of bad trees, l>egin with the worst and remove the 
others in future thinnings. It is better in thinning spruce-;; 
woods not to dig up stumps, as in so doing the roots otj 
neighbouring trees may be cut through. Heavy thinnings nil 
lanky and hitherto densely growing woods am dangerous. * ;;§ 
v, 1 ii. Trees along the borders of a forest should be allowed tg| 
branch low down the stem. 

iii. Endangered border trees standing over young growth,; 
may be temporarily preserved by thinning out their crowns,;' 


and cutting those branches which extend at right angle$| 
to the direction of the prevailing wind. This has beetf ■ 
successfully carried out with spruce at Stammheim, inf 
Wiirttemberg. ’ S 

iv. Carefully avoid all causes leading to defects in trees$J 


thus, resin-tapping should be stopped in spruce forests," 
deer which peel trees should be shot, and careful forest; 


protection secured. 


c. During Fellings . 

i. Avoid very long rotations, as the area of a forest exposed 1 
to danger from storms increases in proportion to the length.: 
,of Hie rotation. Thus, considering that danger from storing 
'commences when the trees are fifty years old, we have:— 1 

With 120 years’ rotation ^ths of the area endangered. 

90 ,, ,, $ths „ „ 

„ fid »> >, t^h „ „ 

: ii. All greatly exposed places in mountainous regions should! 
r be regenerated by the Selection system, and the slopes should! 
»tiot be touched till the summit has been regenerated. , $ 
l iii. Regeneration in narrow strips commencing in the direct; 
I tion opposed to the prevailing wind, should be substituted for 
^regeneration extending at once over a whole compartment 
' especially in spruce forest. 

In the Black Forest, where silver-fir predominates, til 
Igroup system of felliiag^ patches, gives excellent results,^ 

* ’ wfcvA'-,;; 



pposed to the prevailing winds, that is, generally, from east 0 
orth-east to west or south-west, so as to secure a constant! 



raduated succession of young woods on the windy side of th 
Ider woods. Nothing can ward off storms better than such 
[ope of trees as is shown in Fig. 247. 
pis such a succession of felling-areas may encourage inset 
Sacks and would not be practicable over the whole area of 
host, it is usual to arrange the age-classes in a number c 
utting-series, running more or less parallel to one anothe 
arough the forest from east or north-east to west and south 


Age-classes are, however, seldom so arranged that a] 
‘4 wood will not occasionally be found directly opposed to th 
►rce of the wind, after it has been exposed by felling anothe 
(ature wood to the west of it, and in such cases, a severance 


Wing is required. 


: This is a narrow clearing made through a wood, t 
irengthen the border trees on its weather side, so that b; 
te extension of their crowns and root-systems, they ma; 
(ptect the dense wood beyond them from storms. Severance 
&ngs should be forty to fifty feet broad, and as nearly a 
ftps: ible at right-angles to. the direction of the prevail^ 
made: before the trees are too old t 
tepond to the increased exposure to light. Spruce "woods, h 
juj^a ^&|hce-ieliing : |s to .V'lftjgt jbpuld;npt mi 
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jplanted up, and thus itself form a protective zone when the 
mods beyond it have been felled. 

The young wood must be 10—20 years old, before the felling 
of the old wood in front of it begins. Severance-fellings 
should not be risked in woods more than 50 years old. - 
Severance-fellings favour the system of small felling-areas, 
which hav^many great advantages. We must not, however, 
go too far in this matter. There is certainly a loss of yield 
in making a severance-felling, as part of an immature crop 
is sacrificed. The financial aspect of the question must 
therefore be considered, and whether the danger from storms 
justifies the sacrifice. 

^ S’everaiice-fellings are very extensively used in the 
Thuringian forest, and in the Saxon State forests. 



Fig. 248. 

I^Wben felling actually commences in a crop protected by C 
feverance felling, a protective belt should be left'tilong ife 
pastern border, consisting of a double or treble row of trees, 
Ihe crowns of which have been thinned by lopping away some 
their branches, as ®own in Fig. 248. 

Felling-areas should have long straight boundaries, as 
fellings in^outlying corners of a forest may easily admit 
atoms. : , 

A system of rides with storm-firm borders should be; 
j&id out, which affords protection against storms, 
p The principal rides should be parallel to the storm-direction, 
fmd the secondary rides at rights angles to it, so as to face the 
Itoms. ,, 




nm 




IfMingfr m Wgh fprest follow one another from w or 
north-east to west or south-west, according as a compartment 
is cleared in several years, or in one year. 

" Figs. 249 and 250 show the arrangement of the age-classes 
in a forest at Sternberg, in Thuringia. If it is wished to fell 
the 70-year-old wood without endangering that 50 years old, 
which it at present shelters from the west wind, it becomes 
necessary T?) 'separate the two woods by a severance- felling. 
This, as the diagrams show, has been already done six years 
ago, when the strip was planted with 4-years-old spruce trans- 
plants, which now form a 10-year-old protection belt to the 
50-year-old trees. The westerly border- trees of the latter, 
have now become so wind-firm that the severance-felling (b) 
might be widened. Another severance-felling (a) has also 
been made between the 30 and 50-years-old woods, because 
the latter is to the west of the former and will first be mature. 
The proposed widening of (a) is marked in Fig. 249 by a line, 
and in Fig. 250 by shading, but it cannot be carried out until 
the younger wood has become more wind-firm. 

There is no apparent necessity for the severance-felling (c), 
m the woods on both sides of it are of the same age, but it 
has been cut, in order that the large 50-years-old wood may 
be divided into two cutting series, both beginning from the easl 
;;in order to avoid the necessity of having too large felling-areas, 
yir Indispensable severance-fellings, such as a and b , are 
germed protective , whilst those like c, made for administrative 
Reasons, are termed silvicultural. : 

Ijy Fig. 251 represents a normal arrangement of a'Jpfelasses in 
^forest,* the periodic blocks being variously shaded, and the 
compartments drawn square instead of oblong, so as to take 
|hp less room. - The white compartments are the youngest, 
lorming the woods of the fifth period, and the darkest compart- 
g&ents arefethose of the first period, where fellings will be at 
%ice commenced. The intermediate shades represent the 
Second, third, and fourth periodic blocks. 

^ * *' A period IS an integral part of a rotation, and a periodic block is the area oi 
forest which Will be felled during any perjod. Thus a rotation of 100 yearf 
JjBfty be divided into 5 periods of 20 years each, and a working-section of a 
Jprest into five periodic blocks, the trees in which are aged respectively 0— 
$lr40 f 41 — 60, 61*— SO, and 81— 400 years,, ' * 




£• 

Fig. 252. 

« S <? » 45 degrees," 


_ , . , , ' 

■ Denzmhas, however, proposed that this arrangement of r 
"lUnd perpendicular to the storm-direction, which is 

1 for oneat an angl 
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45 degrees (a b c) to these directions, as shown in Fig. 252. 
This he considers to afford better protection to woods of second 
period against south-west, west-soutff-west, and south-south- 
west winds. Borggreve is also in favour of this system of rides. 

The objection to this arrangement is that, although, after, 
the dark areas have been felled, the woods of the second period 
are bette^mtected against west and south-west winds, yet 
they are completely exposed to the cutting north-east with the 
accompanying danger from rime. 


b b 



Fig. 2 oil. 

a Heaps of stones, b Pruned and topped spruce trees. 


: It, is also not prudent to adopt sqch a system universally, as 
jstorms are not always in the same dire<$ion, 

Hess thinks that further experience is necessary before 
deciding between these two arrangements, and also as regards 
$be shape of compartments, whether square,* re<i|flngular, 
parallelograms, or trapeziums, as this may also affect the 
amount of damage, done by storms. 

| vii. It is useless leaving standards of shallow-rooted species, 
•Such as spruce, in exposed places. 

; ’ ; viii. Stumps should pot be dug up in preparatory and seeding 
^tellings, where storms^are to be feared. After storms have 
damaged valuable middle-aged woods, further damage may be 

The question, of the direction pf fellings in mountainous districts, and Pf 
ffie proper shape of compartments, is discussed in detail by Karl Heyer,in “ 



irevented by thinning out the crowns of trees left standing c 
he exposed sides of woods, and lading their roots with ston< 
f they are easily proeuStble (Fig. 258). 

5. Treatment of Windfalls and Wood-bwakage. 

On account of danger from bark-beetles, which folio 
xtensive breakage in a wood, prompt measurea nv^t be take 
iter damage has been donejby a stoim 

(a) As "soon as possible, using all available labour, an 
"mechanical means (transportable steam-saws, etc.), conve 
She broken material and remove it from the wood, afti 
stripping the bark from all stems and broken pieces, at an 
rate of conifers. Trees that are still standing obliquely, < 
resting against other trees, can be left till the following seaso: 

(b) AH wood unfit for timber should be split aftd the stacl 
f 'of fuel should be set up in well-abrated places. All rabbis 
may be made into charcoal or even burned, if necessary. 

?\. v(c) Stems that cannot at once be sold, should be barkei 
|jm’event insect-attacks, "ff hetker they should be complete! 
W partially barked in strips depends on circumstances, chief 
oh the species of tree. Complete barking is the best protectic 
4gainst insects, but it favours cracks and fungoidal attack 
;:For Scots pine, strip-barking in 1894 gave excellent result 
$for spruce it is best to bark completely, except that narro 
rings of bark may be left at the ends and in the middle 
eachlog. * 

* (d) Stumps and r#fce of coniferous trees should be grublx 
but and split up, even if a pecuniary loss is involved. 1 
broadleayed woods, on the contrary, uprooted stumps shou 
be replfifll in the ground, or at any rate, the earth knock 
from the roots and the holes filled up. Ordinary cart-jacl 
may be used to replace the stumps ; they cost about 45s. eaci 
Abd two jacks are required for each stump. In a beech- woo 
fifty-one men at two shillings a day replaced 422 stumps i 
feia way at a cost of fourpence asturfifk 
p "(«) Wherever labour is insufficient to deal with all the fall? 
brotfeh wood, the ifees, uprooted with balia i of earth m 



heir rqotfe and may even put out foliage for two years m 
uccession, and have even borne mast. Conifers only may be 
stacked by beetles and the wood become unsound when left 
n this way. 

When the stumps are sawn off, the wood above the saw-cul 
hould be firmly encircled with a chain, in order to prevenl 
iplitting^of the log. 

(/) Favoth^hl^gpnditions of sale should be offered so thai 
l 11 broken wood mayT>e sold as soon as possible. All intendec 
iellings should be postponed until the volume of the broker 
Evood has been calculated, and deducted from the annual yield 
[f there is more wood broken than the fixed annual yield, al 
principal fellings should be postponed for a year or more. 

Some idea of the large quantity of wood which is blowi 
iown may be gained from the fact that in the spruce am 
diver-fir State forests, in Wurttemberg, about one-third of th 
fixed annual yield comes from windfalls and breakage. 

6. 'Treatment of Woods which have been Damaged by 
Storms. 

When we consider the great variety of local circumstance 
which influence the degree of damage done by storms, it i 
impossible to draw up special rules for the treatment of injure 
woods which will meet all cases that may occur. 

A few general rules will, however, be given which ai 
applicable to the commoner cases for trees and poles, n 
damage being done by storms to thickets of saplings or I 
coppice-shoots. Further information on this subject shoul 
be obtained from books on silviculture. 

A. Injured Trees. 

All mature or nearly mature woods that have been bad 
Invaded by storms should be felled easier than was otherwii 
intended; this is especially true for woods which have thi 
become full of blanks. If, however, the storm has causj 
^only a few blanks, the date fixed for fellings need not 1 
anticipated* 

, Small blanks dne to fell of single -tags, or small grot* 
;ii . .xika&iiK nn;; ^®anfetions succi 



I of the surrounding trees will close them again. Larg< 
^blanks, however, should be at once planted, before tht 
- become covered with weeds, unless natural regeneration ca 
be secured. In planting blanks, about 20 to 25 feet shou’ 
i' be left unplanted round them, as plants within this stri 
" would suffer from the shade of the surrounding treg$. 

In filling blanks in injured spruce, and ^iver-fir wood 
\ beech, hornbeam, sycamore, or silver-fir are preferable ; hi 
j if the forest contains red deer, silver-fir plants will requii 
^ fencing with hurdles. Woods of Scots pine and larch, whe 
f: damaged by storms, may be filled up with spruce, Weymoul 
^or Corsican pines. Beech woods that have been invade< 
; where the soil is deep, should be planted with oak, and o 
/ good but stony soil, with sycamore ; in wet places, with asl 
1 or alder. When the next felling takes place, these groups .< 
; ; young trees will be carried on for another rotation, but will l 
^thinned and pruned where they endanger the future youn 
|beech* They will eventually yield fine timber trees. 


B. Injured Poles. 


, It is very difficult to decide on the proper treatment of pok 
woods when broken into by storms. Premature fellings woul 
•;be undertaken only when the damage done is on a large scab 
■ox when these woods interrupt the normal cutting-series 
or when they would not expose neighbouring woods t 
the west. 


;*:/ In most cases the felling of broken poles will be considere 
connection with the volume of broken timber from oldc 
Compartments. 

| In general, the treatment of damaged pole-woods will var 
^cording to species* locality, area of blanks, etc. 

| Small blanks could be left unplanted for the same reason a 
jlhftt given for older woods. Larger blanks could be plante 
pith tall transplants of beech, hornbeam, or sycamore, Lim 
pnd white alder are also suitable species. Larch and Wey 


jpoath pine owing to their rapid growth would soon fill up th 
Isaaks* but . the does not thrive everywhere, *nd tb 



ffeyikoufti pine does badly in mountainous districts. H$ri 
also 12 to 18 feet interval should be left between the plantation 
and the still standing poles. 



v Woods intended for natural regeneration may be trains 
^4p by means of heavy, thinnings to produce seed earlie 
|:^an.ussual. 



CHAPTER IV: 

'a r " 

PROTECTION AGAINST HEAVY RAIN. 

1. Damage doin’. 

A. General Account. 

Heavy and prolonged rainfall and occasionally water-spouts 
damage forests by carrying away the dead leaves, the soil, and 
seeds; by uprooting young plants, the roots of which are not 
sufficiently developed, such as seedlings and nursery trans- 
plants recently put out ; by causing local swamps, destroying 
roads and ditches, loosening the roots of trees, preventing 
fruit -from ripening, and breaking it off. 

The results are impoverishment of the soil, failure of 
' sowings, blanks in plantations, inundations, liability to wind- 
fall, loss of seed, etc. 


B. Damage under Special Conditions. 


The conditions on which the extent of the damage de- 
pends, independently of the force and volume of the rain- 
■% fall, are chiefly the age of the crop , and the nature of the , 
^locality. \ 

Only young plants the roots of which ar& insufficiently; 
^developed run the risk of being uprooted. These are chiefly 
gyoung germinating seedlings, and transplants just lined out in| 


^nurseries, or planted in a felling-area, 

K|;. : As regards the locality, steep slopes with loose light so3| 
i|irhi<5h are neither covered with woody growth, nor wi$| 
Sferhage,';^s| c; |pr. .dead ; liable to . 



t windfall. Clay soils are also injuriously^ 
affected by heavy rains, as a crust forms on their surface v 
excluding air from the roots of plants. 


2. Protective Pules. 

(a) Maintain the forest growth and natural soil-covering of 
herbage, moss, \ leaves on all steep slopes exposed to 
denudation. 

In high forest, it is best to have natural regeneration 
under a shelterwood, but on slopes, coppice is less heavy, 
than high forest, and protects the soil as well. In plant- 
ing up such localities, the slopes may be terraced with 
advantage, and planting, which is preferable to sowing, 
should be in horizontal lines commencing at the top of the 
slope. For dry calcareous slopes the Austrian pine is most 
suitable. 

(( b ) Establish a system of horizontal leaf-catching trenches, 
or protective trenches on dry slopes. 

These trenches differ from one another by their dimensions. 

The protective trenches are from 10 to 12 inches deep and 
25 to 33 feet apart ; they should be in lengths of 12 to 30 feet, 
to prevent the formation of drains. These trenches retain 
the excess water after heavy rain, and part with it gradu- 
ally to the soil, the permanent moisture of which is increased. 
Leaves are washed and blown into them and the soil is 
thus enriched with humus and rendered more porous and 
deeper. In oak and beech forests, they catch the acorns 
and beech-nuts which are rolling downhill, and thus natural 
regeneration may be secured. Even the spoil-heaps fronff: 
'the trenches afford suitable sites for the germination oft 
.seeds. * 

If, however, the trenches are intended merely as leaf-catchers >| 
4hey are shallower and closer to one another than the protec-| 
tive trenches. Excellent results have been obtained in th^ 
iessian district, Lindenfels, by the use of leaf-catching trenches| 
^e&cpst about 9dAo 1#. per running meter. 

measures which cause or favour loosening of 
'places : " '-.these . M 




Removal of litter, etc. ‘**j 

tf . (d) In order to protect forest roads from the effects of ; 
violent rainfall, ditches and culverts should he constantly, 
kept free from weeds, silt and dead leaves. Where the road 



SaBses through a sandy cutting, the banks on either side 
Ikay be terraced and fixed by wattle-work fencing, stakes c 
pving willows being used, and sand-fixing species planted 
g||$ween the fences, , 





CHAPTER Y. 

PROTECTION AGAINST HAIL.* 


•~ v l. Damage done. 

A. General Account. 

Hail completely beats down young plants, and injures sap- 
lings, poles and young trees by breaking off leaves, blossom, 
fruits, young twigs, and leading shoots, and by stripping off 
flakes of bark, either in little patches or short strips, and thus 
exposing the cambium-zone. The marks of the wounds made 
by hail in the bark of trees are often noticeable for a long 
time, the amount of damage done depending on the size of the 
hailstones. 

Birds, and game such as hares and roes, may be killed by 
large hailstones. The greater the size of the latter the greater 
the damage done. 

The direct consequences of damago by hail are : loss of incre- 
ment, disease, deformed growth, decreased production of seed, 
and even death of young plants and poles. - 

The indirect damage consists in insect attack and the admis- 
sion through the wounds made by hail of spores of Bpecies of 
Ncctria and other fungi. 

B. Damage under Special Conditions. 

Conifers suffer most from hail, especially the Scots, Austrian 
and Weymouth pines, the spruce and silver-fir somewhat less ; 
the larch soon recovers from injuries to its shoots or bark. 

Among broadleaved species, those with less power oi 
occluding wounds, and with thin bark, such as the beech, 
suffer most, but the oak, robinia and other trees when young 

* Riniker, Hats: “Die Hagesohlage in Kanten Aargau.” Berlin, 1881 

Mitthaltmgen des Verniscben Statistischen Bureaux. Bern, 1885, im 

Die &elscblage seat/* 1878. 



ind leathery bark does not suffer much from hail. ; ''$j 

, Young plants 1 to 15 years old are most endangered, year-Jf 
Ings being of ten* destroyed by a' ^hailstorm ; and sowings^ 
specially when on a large scale, suffer more than plantations. | 
Poles 15 to BO years old suffer less than younger plants, while ^ 
ierious damage is rarely done to trees over 30 years old. The | 
later m the spring the hail occurs, the greate^jrtfth* damage, ' : 
especially to smooth-barked, weakly plSftsT 
Oak-coppice for bark and osier-beds may suffer severely ; 
from hail. The damaged oak shoots are difficult to peel, and 
ihe osier wands break at the injured points. Even coppice- > 
with-standards may often suffer severely. In high forest, 
)pen woods suffer more than dense woods, and isolated 
;rees and those along the borders of the forest suffer most. 
Westerly, south-westerly and north-westerly aspects are chiefly < 
threatened, as hail usually falls with a west or south-west , 
wind. The stronger the wind, the greater the damage. 


2. Prevalence of Hailstorms. v: 

Hailstorms are not very common in Europe, they occur l 
3nly in late spring or summer and generally during the day- t 
time. They are very severe in Northern India, occurring 
generally during April and May, and the stones are then , 
frequently as large as walnuts, and batter stucco buildings as|| 
if they had been subjected to a volley of musketry and even,| 
penetrate corrugated iron roofs. Such hailstorms may com-^ 
pl^tely strip the young shoots from trees and tea-bushes, inj 
the latter case causing damage which may be estimated at| 
thousands of pounds tor a tea district. ^ti 

, In Germany there are, on the average, only about five hailfJj 
Storms a year, hut on the west coast of Europe there are;g 
stbout fifteen. These are sometimes very local, exfcending| 
mly over small areas. Thus, in Cambridgeshire, within fiftee^I 
imles round Chatteris, one shilling per acre insurance for J 
agricultural crops against hail is charged ; outside this zoae,j| 
sixpence per aero. . /• 

^Hailstorms are very', prevalent in Wurfctemberg, jrh^I 

Urtrl nr a aWrjrtftUtr. 



By’ hail ; m'' record of them has been kept sinee 1828. The 
chief results of the statistics there recorded may be summarised 
as follows - 

Communes with fields on hill-sides with south-westerly, 
westerly and north-westerly aspects suffer most. East, south- 
east and north-east aspects suffer much less. 

Hailstorms generally come with the S.S.W.,W. and W.S.W. 
winds. $hey- follow the course of large river-valleys, when 
these run N.E., but leive the valleys when they run in other 
directions. 

No connection between systems of forest-management, nor 
species of trees grown is discernible, either on the severity or 
frequency of the hailstorms. 

Observations have also been made at the Meteorological Office 
at Zurich in Switzerland, between 1883 and 1893, and in dis- 
cussing these, Dr. C. Hess* states that hail is more frequent 
in valleys than on mountains, where it is often transformed 
into sleet or rain. Near marshes and lakes, hail is more 
frequent than over woods. On^passing over cultivated lands 
or hill forests, there is a tendency to a decrease in the intensity 
and at times an entire cessation ol the hailstorms. Hailstorms 
follow a regular line and maps could be constructed showing 
where the crests of the hills should be protected by forests. 

A hailstorm most destructive to woodlands occurred on the 
2nd of August, 1888 at Chybi, in Austrian Silesia. On 1,911 
acres of forest, belonging to the Archduke Albrecht, three 
. confluent hailstorms almost completely destroyed 500 acres oi 
young woods and plantations, and injured 800 acres of poles 
middle-aged and old woods to such an extent that they had 
he felled. 

1 Mr. Rebmann, forstmeister at Strassburg, describes th< 
great damage done by a hailstorm on the 30th June, 1898 
which crossed Alsace from Avricourt in France, past Wortl 
to Karlsruhe into Bavaria. The storm travelled at 34 milei 
an hour over a distance of 487 miles, lightning being almosi 
'continuous. The stoneB were sometimes as large as the fie 
‘and killed much game and birds, one man and "two horses 

* Extract from “ Nature,” J&noary 3, 1835. . translated from “ Natj^wifi 



Sown, besides great damage done to young wood and to the'^ 
agricultural crops. The falling of such masses of hail caused 
the air to rush in all directions, and trees were consequently « £ 
blown down from all points of the compass. 

■ According to Claudot (“ Eev. des E. et F.,” 10th March, 1896) . ?! 
French official statistics give 27,000,000 francs as the average J 
value of the annual damage done by hail to Evened crops in 
1825-36, whilst in 1884-88, this damagtfaveraged 105,000,000 
francs, so that insurance rates against hail have increased so 
as to becomo sometimes prohibitive. • 

Owing to the disastrous effects of hail on agriculture, the 
question whether the maintenance of woods on mountains 
and hills affects the provalence and severity of hailstorms is * 
highly important. It is found that in Canton Aargau, in 
Switzerland, districts with much woodland suffer less from hail 


than less wooded districts. 



District. 

Woodland 

Hailstorms 

; ■ Zosingen 

per cent. 

annually. 

40 

- 2 

* Lenzburg - 

- 32 - 

- 6 

Muri 

- 19 - 

- 10 


In the northern part of this canton, the hailstorms prevail 
in the badly wooded tracts, and are scarcely known in the , 
swell wooded ones. In Bohemia, however, observation has , 
hot supported any connection between woodland and hail. ? 

3. Protective Measures. * ? 


i. All hill-tops and ridges should be wooded and all blanks " 
$n forests should be filled with strong transplants. ; 

P:'n. Adopt selection fellings in districts subject to hail- 
porms. 

I; iii. Mix broadleaved trees with conifers, so that if the ^ 
fatter are seriously injured there may still be left material to | 
iestock the woods. | 

|| iv. Seriously injured spruce and Scots pine are ruined and ! 
l^ust be feljpd. With larch and silver-fir recovery is possible.! 
|fpung broadleaved plants should be cut back and allowed to| 



OHAPTKK VI. 

FBOTECTION AGAINST SNOW. 

1. Damaffc done. 

A. General Account. 

Snow injures forest plants by its downward pressure when 
lying on their branches. 

The resulting damage consists either in snow-pressure or 
smwbreaL 

The action of maw -pressure consists in the bending or 
uprooting of entire stems, often with the ball of earth round 
their roots, or branches may be torn out of the stem. 

Snoivbreak is- said to occur when the stem or branches yield 
to the weight of snow accumulated on them and break, either 
across the bole, the crown, or branches. When the ground 
is soft, bending chiefly occurs, when it is frozen breakage. 

A special form of injury arises when a mass of snow sliding 
down a hill-side falls on undergrowth and crushes it; this 
resembles an avalanche, and -is not uncommon on cold aspects, 

B. Damage under Special Conditions. 

The direct results of excessive snowfall resemble those ; 
occasioned by storms (p. 588). Much game is also destroyed. 
Fortunately rabbits cannot thrive in snowy mountains, as 
in the higher Ardennes. 

; The indirect damage done by snow is the softening of the 
soil and predisposition to denudation and landslips ; swelling 

mountain torrents, owing to rapid melting of snow, causes ’ 
disastrous floods. 

" a. Sperm of Tree. 

Trees with pendulous or flexible leaders or branches, such 

birch, larch, deodar, and others with a tendency to a squat; 

rub -like habit and to form side-shoots into leaders, such a*: 
lie mountain-pina, green alder, and most rhododendrons, ar$ 



adapted to grow in regions wuerb niuuu »uuw «uio oujuuiw 
O n the contrary, trees with brittle attachment of the brand 
to the stem, such as Finns rigida , Mill, and some Eucalyi 
may withstand frost, but are broken to pieces by the snow. 

Most European trees withstand snow fairly well, but ev 
green conifers suffer most from it, in the following order 
Austrian and Scots pines and spruce ; less — silver-fir. 

Weymouth pine resists snow well, owing to the elasticity 
its branches, and the larch suffers much less from snow ti: 
other conifers owing to its having no needles in winter 
snow to rest on, but it may be injured when snow* falls 
autumn before it has lost its needles. Cembran pine 
another tree found at high altitudes ; though growing slov 
it attains a great age, and resists the snow owing to its tuf 
foliage and tendency to form new leaders, which the silver 
also possesses. 

The Austrian pine does not resist snow well owing to 
dense crop of long needles, which allow much snow to rest 
its crown. The spruce generally suffers more than Scots pi 
as it grows at altitudes and on aspects where snow is m 
frequent and least liable to thaw ; the Scots pine, on the ot! 
hand, is chiefly grown in plains where Bnow is less frequ 
and thaws sooner and cannot therefore accumulate in mas 
on the crowns of the trees. Wherever the spruce and Sc 
pine grow together in mixed woods, it is found that the lal 
is less resisting owing to the brittle nature of its wood ; 
branches of the spruce, being more elastic and splitting 3 
readily, can support a greater weight of snow than pines. r . 
silver-fir is more resisting than the spruce, owing to the gre£ 
depth of its root-system and the more upward insertion of 
branches. In Windsor Forest, after a heavy snowfall, 
position of any cluster pine can be at once recognised by 
3beap of broken branches under the tree, 
i' ^ Aiiong broadleaved trees, the beech suffers most from sn 
not on account of its possessing less powers of resistance, 
because it ascends higher in mountains than other import 
'broadleaved species. 

, Alder, robinia, aspen, and crack-willow suffer on accoun 
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snow should fall before it has lost its leaves. Hornbeam 
^ands the danger better, and so do ash, maples and oak. 
It is, however, more difficult to draw up a scale of broadleaved 
trees according to their powers of 


resisting snow, as so few broadleaved 
trees form woods in mountainous 
districts. 

The lower part of stems growing on 
mountain slopes exposed to heavy 
snowfall curves outwards before be- 
coming vertical owing to the pressure 
of the snow which accumulates behind 
it, especially during the youth of the 
tree. In hollow depressions on steep 
slopes, the weight of the descending 
snow is so great, that masses of it slide 
down every year and crush all the, 
seedlings they meet. Such places hi 
the Himalayas are bordered by species 
of maple and horse-chestnut which 
apparently withstand the sliding action 
of the snow better than conifers or 
evergreen oaks, which are the chief 
components of the Himalayan forests 
between 7,000 and 9,000 feet altitude. 

b. Pari of Tree. 

Young trees may be bent down, by 
snow, individually or in masses, inclu- 
sive or exclusive of the ball of earth 
around their roots. 

Tearing out of branches by^vet snow 
from the stem, as shown in Pig. 256, 
is a less common form of damage, by 
which the stem becomes almost worth- 
less for timber, and more liable to fresh 
breakage. If all the branches of a 



7 * 


Pig. 2 Se.-Porti 
the leuding shoot oi ; m\ 


verticil are thus torn out, the leading * bnmches 

ahoot invariably dies. This form el ^ 



jury IS common wiwi pines, ana uranciies up nu aj imsuw 
lick are thus tom out, the holes becoming filled with resin] 
id the tom branches eventually falling off, so that tbi 
image done to the tree may escape noliee. In the case oi 
)ruce, the branches thus tom out are not generally more 
lan 1 1 inches thick. 

Amongst broadleaved species, softwoods, including birch 
iffer most in this way, then ash and maples ; beech and oafo 
affer less, though much similar damage was done by snow t( 
rks in Windsor Forest in October, 1878, when they were ir 
ill leaf. 

According to the age of woods so affected, sometimes th< 
iaders and branches, at others the stem at 'different height] 
bove tho ground, are more subject to snowbreak. 

The former mode of injury is commonest in seed-yeari 
tnong older conifers, as the cones increase the weight on thi 
:own of the tree. 

Stem-breakage usually occurs in the case of trees injured b; 
Bsin-fcapping, game, or by other causes, or trees which an 
irked or cankered at or above the seat of injury. Th 
xuding resin and the usual local decay at the woum 
Bduces more or less the elasticity and strength of th 
kerns. Observations in the Harz show the influence c 
rounds on snowbreak most clearly up to an age of abou 
5 years. Even ' thinnings have an influence, as mos 
torn breakage at ’wounds occurred in heavily thinne 
mods. Thus the percentage of broken stems in the Han 
,s counted by von Hague (1850-60), in 82-year-ol 
pruce poles injured by game and resin-tappers, is a 
ollows 


Breakage or Stems. 


> , „ ’ At tho 
ix>ha of injury. 

At)Ove the 
seat of injury. 

Remarks. 

73 

27 

Unthinned wood, 

, ?r >T 1 J 

% 

Slightly thinned ft year before, 

ilSWKBWl ■ ^ 1 

- ;! 12 

Heavily thinned a year before. 
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I lhe following table gives von Seelen’s observations on 
pmage by snow in December, 1883, in the Hasselfeld forest 
range. 


Plaee of Breakage. 

PKRcrM'AOK of 

Brkak\qk. 

Remarks, 

• 

30- 40-year- 
old trees. 

Over 40 
years old. 


Root-coil ura 

0 

17 


fi feet up the stem 

(Of these at a place where | 
bark was injured) 

Over 6 feet up stem to crown j 

Within the crown 1 

i 

C,2 

0>O) 

20 ! 

1 

12 | 

3 

(1) 

30 

50 

Altitude 1,800 feet, 
site nearly level. The 
younger wood had 
been heavily thinned. 
1,030 stems were 
counted, 


c. St/siem of Management. 

As the species which suffer most from snow are grown in 
high forest, that system is most liable to snowbreak. 
r Woods, where the trees in each compartment are of even ' 
age and height, suffer more than uneven-aged woods, such as 
those grown under the selection system ; in the former case, 
snow may lie in masses like a flat roof over the crowns of the 
^trees, especially when the wood is densely stocked, whilst, in 
;nneven-aged woods the snow has a greater surface to cover, 
the tree-tops being irregular in height, and more snow reaches 
£the ground by falling between the crowns of the trees. In the 
pcond case , the wind also enters the wood more freely and 
-fhakes the snow from the crowns of the trees. 
gvHence, in localities liable Jto snowbreak, the selection and 
|roup systems are more suitable than other high forest 
Systems. In coppice-with-standards, the lanky tellers occa- 
sionally suffer soon «af ter- a felling. Pure coppice is rarely 
Injured by snow. 

§; ^ d. Age of Wood. 

£ Slowly growing species such as silver 4r, spruce and' beech' 
fie most endangered h®lnow between the ases of 20 and 60 




between the ages of 15 and 30 years. Thickets 1 to 20 y®ar|| 
old withstand snow better owing to their elasticity, and wood! 
over 60 years old suffer less, op account of the greater size of 
the trees, although in Thuringia 60 to 100-year-old woods 
have suffered severely. A distinction must, however, be. 
made between bending and breakage. Bending owing to snow 
is most frequent in woods 20 to 40 years old, ar.d occurs 
.generally in patches. 

:: Snowbreak, on the contrary, is most frequent in woods 
40 to 60 years old and even in older .woods. The crown and 
leading shoots of the trees are chiefly broken in woods up to 
60 years old, whilst in older woods branches are broken off the 
stem. In otherwise uninjured woods, stem-breakage is 
generally near the base of the crown and occurs here and there 
to individual trees. Younger drawn-up stems are often broken 
in groups, and sometimes in strips, owing to the action of 
'.’wind during or after the fall of snow. 

£ In the extensive snowbreak which happened in the Harz 
J forests in December, 1BB3, trees of the following categories 
fwere injured in following proportion for the whole area 
^affected 


Age of Woods 

Percent age ot 

in Years. * 

Breakage. 

20-30 . • • • 

. 10 

30—40 

. 25 

40-50 .... 

. 25 

50—60 . 

. . 20 

60-70 .... 

12 

70-80 .... 

5 

80 and over . 

8 



^ountain-forests are more affected by snowbreak th« Mi 
ilorests of the plains and lowlands. The localities in Germany 
Illl&O&t exposed to snowbreak lie between altitudes of 1,800 and 
'l snow falls more abundant^ .ftt higher elev^ 
llions, but then the flakes are smaller . and drier, and do n<$ 
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Switzerland, in 1885 damage by snow extended to an altitude 
b! 6,560 feet above sea-level . 

No aspect is absolutely safe against snowbreak; most 
snow in Central Europe comes from a westerly direction, from 
which quarter also the strongest winds blow. The south- 
easterly, easterly and north-easterly aspects, especially just 
below th$ crest of the hills, suffer most ; the snow falling 
most abundantly in such places and being less easily shaken 
from the trees by the wind, accumulates on their crowns. 
Since, also, freezing winds blow chiefly from the east, a frozen 
crust is then formed over the snow, on which more snow 
lodges when there is a subsequent snow-storm. North and 
north-westerly aspects suffer less, and westerly, south-westerly 
and southerly aspects least of all. Depressions and sheltered 
spots in valleys are much exposed to snowbreak, as the wind 
cannot free the crowns of the trees from snow in such places. 

Fertile, deep, moist soil (above granite, basalt, porphyry) 
favours growth in height, produces brittle coniferous wood, 
and disposes the trees to breakage. Slowly grown short trees, 
that occur in unfavourable localities, are much less endangered. 
Too much moisture in the soil is also unfavourable, as the 
roots have a bad hold on the ground. 

A strong growth of grass and herbage is bad in plantations* ( 
aMhe snow presses the weeds on the young plants, 


/ Mode of Formation. 

; Under otherwise equal conditions young pole-woods which 
;have grown up in dense thickets suffer most from snow, their 
v&canty root-systems and slender drawn-up stems exposing 
s,jhem to ganger, Poles resulting from sowings suffer more 
‘than plantations where from the first each individual plant 
'■has had sufficient room for its development. Planting two m 
^imore plants in each planting spot, termed multiple-planting 
yjB also less favourable where snow is to be feared than planting 
isingle plants. 

| : , The distance between the planting-spots is also important 
l&s plants with strongerroots, and crowns, capable of resisting 



ims cianger is 10 ue ieareu piaimiig-HpuiB xilubu iiuu ue tuu mi 
apart. 

Observations made in the Harz forests in December, 188S, 
after the disastrous snow-storm already referred to, gave the 
following percentages in 100 acres of spruce woods which were 
bent down and broken by the snow : 

Single planting, 18, 

Multiple planting, 26, 

so that the single planting suffered about one-third less than 
multiple planting. 

Mixed woods consisting of broadleaved trees and conifers 
3 uffer less than pure coniferous woods, as less snow rests on 
the trees, and the broadleaved species are less liable to injury. 
Beech, sycamore and hornbeam should therefore be mixed 
with spruce or silver-fir. The larch has not succeeded in 
Herman mountain-forests, but it grows admirably in the 
British Isles when mixed with beech and other conifers, pro- 
vided the soil is suitable, and such mixtures are well adapted 
to withstand heavy falls of snow. 


J 4 


g, Effect of Thinnings, 

Woods which have been properly thinned are generally less 
table to damage than unthinned woods, not only on account 
If the sturdier forms of the trees and their more regular 
irpwns, but also because more snow reaches the ground ku 
Jiinned woods, and the weight of the snow which rests on the • 
frowns of the trees is less than when the woods are very ; 
}ense. The wind is also more effective in thinned woods in ^ 
Staking the trees free from snow. ‘ 

Extensive snowbreak has indeed been observed at*times in j 
tinned woods, but this does not invalidate the above reason-" 
hg, for sometimes thinnings are put off too long, and 
jxcessive snow should fall on weakly stems just set free by 
^strong thinning, it is evident that much damage may be ; 
(one. It is therefore to a certain extent an affair of chance,? 
$8 regards the first thinning in a 4«nse thicket, whether"! 
mm. roccurs or not, but the longer the 





escapes dSmage after the thinning has been effected, the better 
It will resist should a severe snow-storm occur. 

thinned woods, individual stems are more liable to 
breakage, whilst in unthinned woods whole patches of poles 
may be crushed. Bithler* has undertaken some very interest- 
ing experiments to investigate the effects of thinning on snow- 
breaks, They show that heavy thinnings are less affected by 
snow than light thinnings ; it is not the dominant poleB with 
regularly shaped crowns that are so much endangered by the 
snow as the badly grown poles with lop-sided crowns, and 
these are removed in heavy thinnings as well as dead, dying 
and dominated poles. A heavy ^thinning somewhat interrupts 
the leaf-canopy, and thus allows more snow 7 to resell the 
, ground than in a dense pole- wood. 

h. Slate of the. Weal her. 

■: xhe snow is the more destructive the wetter and larger 2 * * 5 
, the flakes and the more quietly it has fallen. Small flakes 
Ipass more easily between the branches of the trees, and dry 
; snow is more easily shaken off them by the wind than damp 
snow. During a frost, however, wood is more brittle, and 
consequently breakage is easier. 

The greatest damage is done when a thaw sets in after a 
fall of snow, and is followed by a frost, a fresh fall of snow^ 
and a strong breeze. Such a combination of circumstances '; 
will cause extensive snow-breakage in woods of all ages, : 
whether sown or planted, thinned or unthinned, forming a sad 
picture of devastation for the forester, who sees the results of ; 
bis care at once nullified. 

2. Record of Damage dime by Snow. 

Snowbreak being of a local nature only, the occurrence of 
U’ious damage in the Harz mountains may be cited. During 
the sixty-six years endiflg with 1897; there have been nineteen 
disastrous years of snowbreak, or one year in every four, the 
Brorst of which were as follows 

: In January and February, 1844, in Hanover, two million 

“ Sclmoedruck u. Durchforetungsgracl” “ Practischer Forstwirtb,” 1890. 
|0S.3r-6. ' *" " 



j.s/0, m mmswicK, o,734,uuu cubic teet ot timber wen 
broken by snow on 85,635 acres, being at the rate of 78 cubit 
feet per acre, about half the fixed annual yield of the forests 
Ihe chief damage was done on the northern side of the 
mountains. From the 10th to the 18th December, 1888* anc 
from the 11th to the 27th January, 1884, 22,500,000 cubit 
feet of timber were broken in the Hanoverian Harz, and aboui 
7,000,000 cubic feet in the Brunswick State forests. 

In, the winter of 1894 95, owing to the very heavy snowfall 
much game was killed in Obersteirmark. On an area o: 
1,798 square miles, 5,642 head of red-deer, chamois, and roes 
perished^being about 15 per cent, of the stand of game 
estimated at 21 head per square mile. 


8. Protective Rules. 

,r 

d Protective rules against damage to forests by snow shoulc 
be drawn up, either on the principle of reducing the power o: 
attachment of the snow to the trees, or of strengthening th( 
latter. The question will be discussed under the heads o: 
formation, tending, and utilisation of the woods. 


: a. Formation of Woods. 

i* Species endapgered by snow should not be plantec 
in snow localities, especially in pure forests. Scots pine ii 
absolutely out of place in regions where snow lies deep ir 
f. inter. The chief species here should be the spruce, silver 
Ir, or larch. 

t\iL In planting spruce, introduce a mixture of silver-fir 
larch and broadleaved trees, such as beech and sycamore. 

, iii. Natural regeneration, especially for silver-fir and beech 


and also for spruce, will give better results than regular plan 
Rations ; it produces the trees in groups %nd with a mixture o: 
proadleaved species, which should be encouraged, 
ifiv. Where the clear-cutting system is followed, strong 
Innrsery-trained transplants should be used to restock th< 
pellmg-area|, the plantations being made in lines parallel t< 
Iftie directimi nl prevailing wirid^rthajt the sao? vm 



tsrt; 

fall between the plants. The plants should be somewhat 
closely planted wherever heavy snow is to be feared, so that 
they may afford one another mutual support against the snow. 

v. Avoid sowings in the open, planting with strong trans- 
plants (no multiple planting) and that have not been too 
closely lined out in nurseries, so as to produce strong, 
resisting plants. 

It is better to plant in lines, which should be parallel to 
the direction of the prevailing wind, so that snow can be 
driven between the rows of plants. At lower elevations 
the rows should be 3£ to 5 feet apart, at higher elevations 
2^ to 3^ feet, to prevent the branches being torn out. The 
plants may be 2J to 3 \ feet apart in the rows. Wider planting 
has given bad results in the Harz. 

vi. An excessive growth of grass, bracken or other weeds 
should be removed from young growth, as it may be pressed 
down by the snow over the plants and kill them. 

b. Protection during Thinnings . 

i. The most efficient measure to protect woods against 
snowbreak is to make timely thinnings, in accordance with 
sylvicultural rules, and suitable to the circumstances of each 
case. In woods endangered by snowbreak, thinnings should 
commence early, be frequently repeated, and increase in 
intensity with the age of the trees. At the same time great 
care must be taken in the first thinning of densely stocked 
pole-woods. 

ii. All injuries to the bark of trees, including resin-tapping, 
must be avoided. 

iii. *In specially valuable young pole-woods, the snow may 
be shaken from the trees; this measure was successfully 
applied to 10 to 20-year-old Scots pines in Wiirttemberg and 
Silesia in 1868, but can evidently be carried out only on a 
small scale. 

c. During the Principal Fellings . 

i. Felling by the selection or group methods should be! 
followed in high mountain regions, on peaks and ridges, as 
this favours uneven heights in the trees. Uniform covering 
til the cron with eittr 4s thus nre vented..' 



should not be too extensive; several series of felling-area* 
should therefore be established. 

iii. In coppice- with -standards, only strong tellers should b< 
reserved. 

4. Treatment of Injured Woods. 

The treatment of injured woods will depend on* their ag* 
and the species of which they are composed, and the kind oi 
damage they have experienced. 

If extensive damage has been done by snow, the first duty 
of the forester is to remedy matters as soon as possible ; in 
jp coniferous woods especially, all bent and broken wood should 
be at once worked up and sold. Trees on which three or four 
H verticils of living branches have been spared may be left 
^ standing, after carefully pruning off their broken branches. 
ftStems which have been bent over from the ground may 
IPIcover their erect position owing to their elasticity and 
-striving towards the light, and in any case they assist in 
keeping the soil covered. The woodcutters, who are removing 

| | broken stems, may be directed to set the bent stems upright, 
and, if necessary, attach them by string or wire to stems 
which are still erect. 

i, For the rest, the treatment depends chiefly on the species, 
tge of the injured crop and the extent and nature of the 
teak. 

>ung coniferous woods which have been broken in patches 
strips should be replanted with large transplants of beech, 
more, larch; spruce, silver-fir, or Weymouth pine may 
be used, in accordance with the suitability of the soil for 
species. Breakage of leaders is often repaired naturally 
)rmation of new leaders, by Scots pine and larch, even 
»h it may for long be recognised by double leaders, 
net leaders, etc. 

ier coniferous woods, when greatly thinned by snow* 
£, should be underplanted ; spruce-woods with beech and 
r-fir ; Scots pine woods with spruce and sessile oak. The^ 
rks (p. 551) already made regarding repairs of damage^ 



'MUWftKIUK,* IJS 

^■injured broadleaved woods, especially beech pole-woods, 
may be repaired by cutting back the bent stems at heights 
of 12 to 18 feet from the ground, the stems being bent 
straight. In case of very serious damage, however, the 
injured woods, if not too old for reproduction from the stool, 
must be cut back close to the ground, and the thinned wood 
underplanted with beech or silver-fir. In order to fill larger 
gaps between the trees, sessile oak, larch, Weymouth pine, 
white alder and robinia may be used, the two latter at low 
altitudes. 

By means of a combination of all these plantings, woods 
like coppice-with-standards will result, which, owing to their 
unevenness in age, height and rate of growth, will "be better 
able to withstand future falls of snow. 
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Fig, 257,— Beech bent by snow. Sihlwald, near Zurich, 



CHAPTER VII. 


PROTECTION AGAINST RIME.* 

A. General Account of Damage. 

Rime and ice may incrust and overlade steins, crowns ai 
branches, and thus break or uproot trees. Rime, unle 
accompanied by snow, seldom seriously damages trees, b 
this is' not the case with ice, and when this is followed 1 
snow and a stiff gale, forests may suffer very considerably. 

The damage done resembles that effected by storms ai 
snow. 

B, Damage under Special Conditions. 

a. Species. 

Coniferous woods suffer more than broadleaved wood 
Scots pine and other pines suffer most, then spruce, silver-1 
and larch. If larch be covered with needles, it may suffi 
more than spruce. 

In broadleaved woods, poplars, willows, alder and robinii 
on account of their brittle wood, are most endangered, but * 
these trees are not extensively grown, their damage is m 
very important. The beech, on account of its dense foliag 
suffers considerably. Oaks and birch, in leaf/ also suff< 
greatly. 

b. Ape of Crop. 

Whilst damage by snow chiefly affects thickets and youu 
pole-woods, ice and rime will do more damage to middle-age 
and even mature woods. Scots pine and larch -woods thirty i 
sixty years old and beech-woods from forty to eighty yeai 
Are most liable to injury. Pole-woods are generally bent, bi 
l^paay be sometimes crushed by the weight of ice they bear, s 





Fig. 258 .— Oak tree, branches broken by rime. From vol. xiii. “Journal 
R, Hort. Soc.,” “ Notes on Hoar Frost,” Plowright. 


if by a gigantic roller. Older trees are generally broken eith 
; in their boles, leaders or branches. Conifers laden with con 
suffer most from breakage of leaders. Old oaks, especial 
. yrhen stag-headed, have . their branches broken. 



uermany, cnieny occurs ai aituuaes oetween jL,t>uu ana ^,uui 
feet. In South G ermany, up to 3,300 feet, crops suffer the mor 
the faster their growth and the shorter the interval Bince th 
last thinning. The wetter the soil the more trees are up 
rooted. Northerly, north-easterly and easterly aspects suffe 
most, especially steep slopes and depressions exposed to th 
north-east wind. Woods suffer on both sides of valley 

running east and west, while 
in valleys running north an 
south only the east aspec 
suffers. 

il Density of Crop. 
Isolated trees suffer mor 
from rime and ice than tree 
growing in dense woods, a 
they have a larger surfac 
exposed, and this applies t 
avenue trees, seed-bearers i 
regeneration - fellings an 
standards over coppice, an 
also to trees along the easterl 
and northerly borders of 
wood, or of an exposed felling 
area. Trees afford one anothf 
mutual protection in a dense wood. At the same time, loft 
poles just set free from a dense growth by a thinning ma 
suffer considerably. 

e. Weather . 

Most damage by ice occurs in January and February ; bi 
trees may be endangered in November and December. Nort 
•and east winds specially favour ice-formation. 

C, Record of Bad Years. 

f, The damage done by rime and ice as well as by snow is of 
peal natpfyand in the Harz mountains jhere w^e thirty 



Fig. 259. —Needles of Scots pine 
encrusted with ice. 



years’ between 1821 — 1897, which were also the years n 
which much snow-break occurred. 

; ; The weight of ice on the trees is sometimes considerable, 
as much as fifty pounds on six pounds of wood. A most 
destructive ice-break occurred between the 18th and 25th of 
November, 1858, in the Spessart, Odenwald, part of the 
J3avaria» Palatinate and Rhenish Prussia, in which the ice- 
crust was eighteen to twenty times the thickness of the wood on 
which it rested. In the Spessart, 2,750,000 cubic feet of wood 
was broken ; jn the Odenwald, nearly 2,000,000 cubic feet ; in 
the State forests of the Palatinate, 11,000,000 cubic feet and, 



Fig, 200. — Shoot of Scots pine covered with ice. * ' “ 

about half as much, in the Communal forests. Observations 
ifaowed that a spruce plant 8J feet high had to support 
165 lbs., and single Scots pine-needles, over half an ounce of 
ice. The picturesque forms of the ice-encrustations are shown 
In Figs. 259 and 260, 

; In France and Central Germany, from the 22nd to the 24th 
January, 1879, there was most extensive breakage of woods 
by ic£, which is described by Janin in the Revue dee Bern 
Monde*, Un certain broadleaved forests, about 50 "per cent*? 
« the stems wore token, and in carefully thinned Scots pine-? 
^bods, 70 per^tv- In the forest of Fontainebleau, abattij 
000 stacked feet jaf wood were broken, thin twige^ 





' dead partridges were picked up covered witn ice. 

;V Great damage by rime to elm and other trees is described} 
'i ‘ by Plowright as having occurred in Norfolk on Jan. 7th, lB89 ?t 
|(Fig. 258.) < '* 

D. Protective Eules. » , ; i 


ft; (a) Formation of strong young growth. Where danger, 
Hlrom rime and ice is feared, the Scots pine must be excluded * 
l 'or mixed with other species. 

(b) Maintenance of the leaf-canopy even in* old Woods. j 
'Heavy thinnings should not be made in dense pole-woods. , 

(c) Isolated standards should not be reserved in high 
/forests. 

J (d) A protective belt should be maintained on the north- 
eastern and eastern borders of woods. 

i (e) Wherever danger from rime-frost is greater than from 
■ storms, cuttings should be made in woods from south-east to 
:■ north-west ; the south-westerly gales then blow along merely 
% the face of the felling-areas, and endanger a few border-tree$3 
VOnly. The correct direction for felling-series can be decided 
Sonly after a thorough knowledge has been acquired of the^ 
J configuration of the ground and of the local factors. 

If 1 " 1 

E. Treatment of Injured Woods. 



iteierence is here invited to Chapter III., p. 557, and} 
Chapter VI., p. 570, dealing with woods damaged by storage 
and snow, as those which have been injured by ice will require/ 
similar treatment. 



PART V. 

PROTECTION AGAINST NON- ATMOSPHERIC PHENOMENA. 




PROTECTION AGAINST NON-ATMOSPHERIC 
PHENOMENA. 

The chief non-atmospheric phenomena to which forests are 
exposed are swamps, floods and torrents, avalanches , shifting 
sands and forest fires , Damage to woods by these agencies 
/'will now be described. . 



CHAPTER I. 

PROTECTION AGAINST DAMAGE BY SWAMPS, 
FLOODS AND TORRENTS.* 

Water acts either as a meteoric phenomenon, or as stagnant 
or flowing water on the surface of the ground, or in the soil ; 
its effects are partly mechanical and partly physiological. 

The chief mechanical effects consist in soil-denudation, 
landslips, or floods. Physiological damage is done to plant- 
life and to the soil by stagnant water causing bogs and 
marshes. Damage to forests by heavy rain has already been 
dealt with (p. 554). 

Section I.— Soil-Denudation. 

1. Description. 

Soil-denudation on steep slopes may be due either to s^lbsoiU 
pater, surface-water, or to mountain torrents. 

V Subsoil-water or surface-water on hill-sides may cause land*; 
Slips, which bring down the soil with the vegetation growing oh; 
it, and expose the Subjacent rock ; this may occur either when, 
4he slope of the%ill-side is excessive, or when there is 
^permeable substratum which prevents the further descend 
kd the water into the hill. * * 'Ml 

v Excavations of pits or quarries at the base Of a hill majl 
have a similar effect. ' • v 

^ Mountain torrents may cause soil-denudation, orfornmvines$ 
$$ deepening their beds and by wearing away their bahkij 
p!he letter effect occurs chiefly at sharp turns in the course of 
jihe torrent, when one bank is formed of rock and the ofchoh 

loose material. The force of the water increases >ith iff 

jj& *r w Beitrage zur forstl, Wasaerbaukunde.” Hannover, lfce$ 

mi lei Travaux de Reboisement et de, Gazcumement ^ 
Paris, 1S78. , Id: Irait4 Pratique, 1382. ■: VonBei^endorf, 



elocity, and may be assumed to be proportional to tbe sixta 1 
>ower of the velocity of the stream. 

To cite an example, a formidable landslip occurred on the 
5th November, 1879, at Vitznau, on Lake Lucerne. Here, 
,t the foot of the Eigi, a mass of earth exceeding 85,000 cubic 
eet, and covered' with trees, fell down the mountain side and 
died a depression, burying a chapel under mud to a depth of 
wenty feet. 

Landslips occur frequently in all mountain chains, and in 
he Himalaj^as attain vast proportions ; the Gohna landslip, 
n 1898, for instance, brought down enormous quantities of 
ock across a* valley, damming up a tributary of the River 
Ranges. This led to the formation of a lake 10 miles long 
tnd 500 feet deep, which eventually burst the dam in August, 
L894, causing a flood 80 feet deep to rush down the Ganges 
/alley and flood the town of Ilardwar. Owing to the establish- 
nent of telegraphic communication, and to careful watching 
it the dam, all the inhabitants of the valley received timely 
earning of the probable bursting of the dam, and no lives 
vere lost. 

2. Damage done. 

Soil-denudation reduces the forest area, buries plantations 
md young growth in mud, injures ancl destroys forest road! 
Mid other works, and fills up ditches. Ravines that become 
jonstantly enlarged by surface drainage are formed on hilb 
sides, whilst the beds of watercourses are raised, interrupted 
and altered, by the material brought down by the water 
inundations are thus caused. The amount of damage donl 
increases, the steeper the slope and the more broken it* 
contou^ and the looser the soil and the greater the weigh! 
of , the woody growth. Localities where landslips are likelj 
to occur may be recognised beforehand in wet years by crack* 
forming in the soil. 


8. Protective Rules . 

; i 

The best protective rules to adopt against these dangers are H 
(a) Careful mamtena^^of a contmuous woody growth of 
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steep slopes, high forest presses too heavily on the soil anq| 
|hould.make way for coppice with short rotations. 4 * ... 

$$) Wherever a landslip is to be feared, the bank shouldl 
p kept up by battle-fences, by protection of the soil-eoveringi 
jind by not extracting the stumps of felled trees. The varioq&j 
Irretentive measures which may ; Je, adopted, depend on th|| 
and 'thev^lTO^nces J oi the 'localW 



^unace-mxer, ox sudsoii- water, ior instance, may oe con*-; 
^ucted away from above the endangered place by’ ditches or 
drains. All quarrying below the threatened hill-side must, 
;be stopped. 

, (c) The following measures provide against damage by a 

f ountain torrent:— 

i. Reafforesting the collecting-area of the stream ; the 
methods to be adopted for this object ar.e described 
further on. 

ii. Securing the sides and bed of the torrent by revetments, 
from its collecting area, downwards. 

iii. Reducing the force of the stream by terracing its bed, 
and constructing across the stream wattle-work fences or 
masonry works which keep stones and silt from accumulating 
in the lower parts of the stream. 

iv. Terracing the slopes of the valley on either side of the 
stream, and fixing them by means of sowings or plantations. 


4. Remedial Measures . 

When, in spite of every care, landslips or ravines have been 
vuused by abnormally heavy rain, or by melting snow, pro- 
sV ‘™e works should at once be constructed. A revetment 
"made of wattle-work, or of logs fixed in position by piles 
driven into the ground (Fig. 261, A), may prevent the 
occurpr of further damage. If, however, the landslip is 
'exte/ . several such constructions, one above the other, 
' mu, ^raade, and the earth between them be brought to a 
'rmfr' ^ i slope and planted up. In certain cases, complicated 
^masonry revetments are required. 

I’ In Order to make natural revetments (Fig. 261, B and C) 
woody growth must be on the spot. The bush is partly cul 
! through, splashed , and pegged down, with its crown uphill 
5 Where there is no woody growth, trellis-work with living 
^branches of willows or dead branches (Fig. 261, D and E] 
^should be employed. Fig. 261, F, shows how these willow 
i, trellises may be planted along a slope. Wherever a landslip ii 
fleered, adjoining trees should be felled, as they would otherwise 
ttaU in and add, to. ' 



Section II.—Inundations. 


' 1. Causes of Inundations . \ 

Inundations originate i$ valleys and plains owing to the. 

dden thaw of masses of snow in the mountains or plat 1 , ux , 
v , J^e them, or to prolonged or heavy rainfall, or to the,! 
interruption of watercourses by landslips. 

The last of these causes is frequently due to clearing forests 
from mountain sides, and to bad management of protection' 
forests. When, on hill-sides, the effects of rain and surface- 
drainage are not reduced by a full leaf-canopy and by the 
binding effects of the roots of the trees on the soil, as well 
as the sponge-like action of the natural soil-covering of dead 
leaves and moss on the surface-water, the latter runs down 
unimpeded into the valleys, bringing with it quantities of 
boulders, gravel, silt and mud; this raises the beds of the 
watercourses, and causes them to overflow and spread 
destruction far and wide into the lower country, especially 
by leaving cultivated lands covered with gravel and silt after 
the floods have subsided. 

i Most inundations in Central Europe occur in April, when, 
they are due to the general melting of the mountain snow, or ; 
in August or November, owing to heavy rainfall. 


2. Damage done . 

i. Inundations carry away the soil-covering and humus from 
forests, causing swamps and cold soil; they destroy young 
plants, hinder the formation of coppice-shoots, interrupt 
fellings and the export of forest produce, and often carry; 
>iway timber to great distances. The floating wood endangers! 
abridges, river-bank protection works, and works constructed to 
^facilitate the floating of timber. In spring-floods, trees! 
^growing along the .banks of streams may suffer from the' 
friction of the ice which is carried down. Many game-animals, ' 
^especially roe-deer, are drowned. 

I The mud brought down by the flood, however, richly com^ 
Ipensates for the loss of soil-covering and humus. Biver muck 
l^ntaina not only nutritive mineral salts, 


but yields lime 
readily absorbed ll 



plants, and is ah excellent manure for lands that are poor in 
lime. The higher the floods, the greater is the deposit of 
mud. 

Dr. Schulze of Darmstadt gives the following percentages 
for the constituents of Rhine mud 



1871. 

1872. 

Potash . 

0-43 

0*19 

Lime 

. 14*06 

15*65 

Phosphoric acid 

0*13 

0*11 

Humus^ . 

2*86 

2*12 


Professor Nessler of Carlsruhe found the following con- 
stituents in mud from the Upper Rhine. 



Per cent. 

Per cent. 

CaO 

. 13*8 

17*5 

PA . . 

0*08 * 

0*14 

Humus . 

1*1 

4*4 


The average amount of calcium carbonate was 27*5 pel 
cent. The percentages of potash and phosphoric acid are 
smad, but always greater than in ordinary agricultural soil. 

Besides the supply of large quantities of soil, the utility 
of floods also consists in the increase in subsoil-water, 
specially useful for forests in dry years, and the destruction 
of rabbits, mice, .^cockchafer-grubs, etc., that burrow in the 
ground. 

The greatest recent floods in Central Europe in 1856, 1868, 
1879, 1882, 1885, 1888, 1889, 1890, 1892, 1896, 1897, and 
1899, chiefly affected the Alpine districts of France and 
'Switzerland, Hungary and Austria. 

' In 1856 the Rhone caused fearful floods, which drowned 
numbers of people 4 au§ damaged property to the extent oi 
£‘8,000,000. One of the results of these floods was the enact- 
ment by the French Legislature of the laws for the reboisemen \ 
'(tf^the denuded mountain- sides, of the 28th July, 1860, and 
the 8th June, 1864, for regazonnement , or restocking* then! 
iWith grass.* 

I * gBorest Law,” Baden-Powell, 18J3, p. 248. Laws for the protection « 
ilBSonntln forests in {JennAnv. Switzerland, and Italv are also referred to. .Ac 



F Terrible flooda occurred in, Switzerland in 1868, and Ifll 
"Hungary in the valley of the Biver Theiss, in March, 1879,| 
In September, 1882, damage estimated at £1, 000, 000 was!; 
caused by floods in Carinthia and the Tyrol, and therr| 
were serious floods in the Bhine valley in 1882, and in th$| 
regions of the Elbe and Oder in 1888. The great floods J«j 
^Silesia and Brandenburg in the summer of 1897, caused tW 
'promulgation of the law (1898—99) for protection of the;; 
tributaries of the left bank of the Elbe, in Silesia. Extensive | 
..floods occurred in the Thames and Severn valleys, and other?* 
districts in the South of Englandjn November, 1894. ’ 

Serious floods* occur in Northern India nearly every year^ 
between July and September, after the commencement of the , 
summer* monsoon, and owing to the great damage thus caused*! 
to irrigation canals fed by the Ganges and Jumna rivers, the 
t forests on the southern slopes of the Siwalik Hills are now« 
|managed as protection forests. The Indian forest officials! { 
have for years recommended the adoption of similar measures 
to the lower hills between the Jumna and Sutlej rivers, aet 
the first burst of the monsoon on the annually grazed and ’ 
"burned sandy hills above the Hoshiarpur district causes most 
/disastrous inundations every year, besides bringing down , 
quantities of sand, gravel, and boulders which have encroached, 
considerably on the agricultural land below the hills, so that; 
by 1891, lands belonging to 914 villages %ere affected, anfl' 
#0,000 acres of richly fertile and long cultivated land laid?, 
waste, ^besides immense damage being done annually to rail-: 
way and road embankments, etc. The hills were formerly?! 
covered with forest growth, but during the last forty years/*] 
flocks of goats and herds of buffaloes belonging to about? 
eighty hamlets of squatters have been allowed to browser 
down and destroy the forest grow® which formerly fixed; 
Ihe soil on the hills, and would spring up again were the! 
Annual grazing and burning of the undergrowth restrict* j 
& law, termed the Siwalik Act, was passed by the Punjabi 
^Legislative Assembly in 1900, which permits the Local| 

. u Forester,’’ vol. 418. 

If i \ Ibid., vol t., p* 8, , Baden-Powell's Report, Moit’s Report! vpi.,x,,p k ^7^| 
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poverhmdht to make rules regulating the cultivation oT 
land, the felling or firing of trees, quarrying and pasture" 
on such areas. 

8. Protective Rules. 

Private agency can usually do little or nothing to prevent 
floods. JThe action of the State is indispensable, as the cost 
Of the erection and maintenance of the works necessary to 
secure this object is quite out of proportion to the value of 
the property on which they must be erected, and the work i. 2 * 4 
of fixing the beds of mountain torrents and reafforesting 
hill-sides in process of denudation must be carried out over 
a large area. 

*-• The most effective measures depend on the careful manage- 
ment of mountain forests in the catchment-areas of dangerous 
watercourses, the main principle being to meet the danger at 
its source , 

Although observant* people discovered these factB and wrote 
about, them a century ago, a long time elapsed before improved 
forest management and the erection of the necessary works 
were undertaken in regions that were threatened in this way. 
Serious and successful action, however, is now being taken in 
Prance, in Austria-Hungary, and in Switzerland, to counteract 
the causes of floods. 

The chief rules to be followed are : — 

i. Regulation of Torrents and their Feeders . — The following 
.-account of torrents is taken from an address by Fankhauser, 
to the Berne Forestry Association, June 18th, 1897. „ 

In every torrent there are three distinctly marked 
phvisionB 

1. The catchment are&; 

2, The channel course. 

The cone of debris. 

The principal mass ‘of water forming a torrent comSs from 
ghe catchment area. Single drops of rain falling on the 
Ippmost ridges flow down their bare sides in fine, thread-J 
tiljjm streams, and unite into larger and larger brooks. MereJ 

Awberg, Imispruok, 177#, 



U,U I’ 8 away omy earth and sand, and loosen the larged 
rocky masses, but the brooks carry down stones and gravel.*; 
The masses descending on all sides are received by the' 
charnel course. After heavy rain, the raging torrent rashes 
down its narrow bed, weighted with earth, sand and stones^ 
It tears away and undermines fresh material from the bed 
and sides of the stream, and the projecting banks give way ' 
and add to the moving debris. 

When the torrent emerges from its narrow bed into the ■ 
level plain, its force diminishes. The rubbish is heaped up ! 
mto a coM' of debris, or may be washed away by a larger 
stream or river. b 

The most striking phenomenon in each torrent is the 
varying' amount of water. The Rhine at Basel varies 
between its highest and lowest level, as. 1 : 20. The torrent 
of Faucon, in the Lower Alps, once carried off 70 per cent 
of the rainfall, or 6(5,000 cub. m. of water, in twenty minutes,' 
and at the same time, 180,000 cub. m. of rubbish. 

By regulating torrents and their feeders the formation of 
the products of denudation is reduced, the velocity of the 
water is slackened, earth, gravel and boulders are retained 
m the mountains, while, if possible, a steady and continuous 
Sow of water is maintained. 

Works of the following nature should be designed in 
^.accordance with the nhture of the locality, the characters? 

0 to™ nt8 > the area of the collecting ground, and the funds 

ravailfthlft! — 


; ■ (a) Barricades of trees with their entire crowns thrown across:* 
.torrents, or stones strongly joined together, with a tree in" 
.front of them. These protect the base of the torrent from 3 
•■deepening. Large masonry barricades are best made bow-3 
|shaped, with the bend up-stream. ‘ The nearer they aretJ 
another, the better protection they afford, 
f ■ ® n avm 9 *» msonry the bed of the torrent. This not only ., 
prevents deepening, but also obstructs the carrying down Mi 
|SUt, etc. These linings are made as in Fig. 262, A and B. Thdl 
jibow-shaped form A is preferable, but the polygonal form i*$ 

" a * * * 
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Fig. 263. 


vTKeir mode of construction varies, according to circumstances; 
fthey are erected at regular intervals and collect silt and 
Intones behind them, for small torrents and where rapid 
iiihean work is reanired. mere wattle-fences mav suffice. 




i’ig. 268 shows how a - valley is protected by a series^ 
barrages. , '*'% 

(d) Wattle-fences . These consist in simple wattle-fence^ 

made in curves and almost horizontal, the central point being 1 
somewhat lower than the sides ; they are afterwards raised' 
as the bed of the torrent rises (’Fig. 264, A and B). /When 
further denudation is no longer feared, the middle of the’ 
ravine is paved with stones as shown in Fig. 264, C. The firs| : 
fences are erected at distances apart of three meters ; they] 
are commenced from below and continued up-stream. Theii£ 
erection is continued until the bed of the ravine is raised high' 
enough for no more denudation to be feared. ;|f 

,This simple plan, devised in 1838 by Jenny, is advisable 



Fig. 264. —Jenny’s Wattle- Fences, 


where only mud free from large stones comes down, and for 
lateral ravines leading into the main torrent. / = 

( e ) Addenda . All the above-mentioned works serve t# 
secure the bed of the torrent. The question of maintaining 
its sides will be discussed further on. - [i 

/ Such works are useful in districts with granite or other? 
rocks, other than limestone. Torrents coming from limeston^j 
^districts or from glaciers cannot be properly regulated. | 
? Jn connection with the above works, the slopes leading: 
jdown to the torrent must be properly graded, and a system; 
,0f horizontal protective trenches laid out, so as to cut off tha 
/soil-water and distribute it over a larger area. These trenched 
pjiaVe proved extremely useful in preventing floods. .Tfieyf 
ire beneficial to forest-vegetation, facilitate plantations, and; 
Also revi e the original springs of water.. 



wmrnAyiom. 


p'olsess the necessary technical and local knowledge 
fodoso. 

*I n France, up to 1898, the Government had acquired 
B75,000 acres in mountain districts for reboisement, and 
Spent £13,100 in 1905-6 on the necessary works, having by 
1892 spent altogether £1,820,000 on the reboisement of 
156,197 ^cres. 

* 4 Extensive works have also been carried on in Austria 
since 1882, £180,000 having been spent up to 1894. In 
Switzerland, in the four years 1894-7, about £50,000. has 
been spent for the rectification of torrents, in engineering 
gWorks and planting. 
v * 

li. W asteland in Mountain Regions , especially on sloping 
ground, should be planted up, and the forests in such regions 
carefully maintained, 

burell,* in 1841, published a paper on the subject, making 
the following assertions 

(d) The covering of mountain soil with well-managed woods 
prevents the formation of destructive torrents, whilst the 
clearance of mountain woodlands favours them. 

(/>) ‘The reboisement of mountain districts will rectify 
mountain torrents, while the clearance of forest and its 
soil-covering doubles the strength of the torrents, and causes 
|iewonee. 

| ^ treatise on forest protection cannot go very far into the 
jjfttbject of the management of mountain forests. The following 
gemarks, however, are useful 

The forest should be under the selection system. Planting 

better than sowing for wasteland and blank spaces. The 
$Ncies to be cultivated are chiefly Mountain and Cembran 5 
|ines, larch and spruce. The lines of plants should be at an 
ifrgie of 45° to the course of the torrent. Grass seed, consist- 
ipg of a mixture of Avena elatior , L., Bromus crectus, Huds,, 
Kfo&w lanatus , L., should also be sown. Uprooting of trees 
jihd stumps in fellings .mtfst be abandoned. Pasture, usage 
f litter and. other destructive forest us|ges must be absolutely ^ 
jprbidden. 



I hi. Ilegulation of the Loirer Course of the Stream , in orddjjjj 
, that it may, as far as possible, be able to carry away higl| 
floods without danger to the surrounding country. A river.*#; 
said to be regulated when the water is in the middle of the 
bed and flows away evenly, and the banks are Arm. * - 

In regulating watercourses the following points must be 
attended to , | 

a. The profile of the watercourse must be normal. It must: 
be deep enough to carry down small debris 
when there is an average quantity of water, 
and also wide enough to carry oft’ floods 
without acquiring any great velocity. Too 
narrow, beds must be widened, and too 
broad beds reduced in width. 

b. The gradient of the bed of the water- 
course must be so modified that its velocity 
will not be too great nor too slow. The 
former is effected by means of weirs, and 
the latter by shortening its course, as 
shown in Fig. 2G5. 

c. Fixation of the Hirer-banks. This 
can be done by plantations, or by special 
works. 

For a full account of the measures to bo taken in the lower 
part of a stream,. see Vol. Y., “ Forest Utilization,” p. 1174. ^ 

’■ 4. Management \f Forests on Land liable to Inundations .* * 

; >The management of forests on land liable to be flooded 
'includes much that is special to the circumstances of the cas^ 
Species should be chosen that can withstand a good deal , hi 
moisture in the soil and occasional submersion ; such are to 
pedunculate oak, elms, black alder, willows, black and whit# 
poplars, and the ash. In the wettest places the common aide! 
and willows are found ; ash is more sensitive to soil-moistur# 
than poplars and the pedunculate oak. , ^ 

Among exotics are, Juglaus nigra , L., Carya alba , Nutt : | 
C* amam f Nutt., Am californkum , Torr., and Frazinfy | 
rA A3ebmaftn, ** Die Rheiawaldungen and deren , BewirlhshaftuDg.” 



Fig. 265. 





^nericand; L. ; the latter withstands water better than the 
pommon ash. 

Pollarding, the Selection system, and Coppice- with-standards, 
rich in standards, are suitable systems of management. Tree- 
willows may be pollarded, but poplars are best managed by 
cutting only their side branches, as pollarded poplars soon 
decay. Jioth poplars and willows speedily reproduce the bark, 
which has been rubbed off by ice ; they are generally grown 
from strong cuttings. Oak, elm and ash may be grown in 
High Forest. 

Reproduction is effected by planting saplings and slips, 
as natural regeneration is difficult to 
A obtain on areas liable to floods. 

A large number of saplings must be 
planted, to replace those that are injured 
by floods and to kill blackthorn and 
other noxious weeds. 

In the case of Coppice- with-standards, 
a much larger number of tellers is 
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Fig. 206. Fig. 267. — Section from A to B, showing 

comparative heights of wood. 

reserved at each felling than is usually the case under this : 
System, in order to keep down inferior species such as black-/ 
ihorn* Osier beds, chiefly of Salix viminalu , S. purpurea, etc.,; 
may be planted by means of cuttings, and cut over annually. 1 
In the case of High Forest, or Coppice-with-standards, the 
felling-areas should be arranged at an oblique angle with the 
tsourse of the stream as shown in Figs. 266 and 267, 1. being 
the youngest and VIII. the oldest wood, and alternate compart* 
feents differing in age by half the rotation. 

Such an arrangement affords shelter to the young growth; 
and prevents floods from carrying aw T ay beyond the next §£rip 

Kil wiftfid f.hft folkfl iirnh^r* Ivmrr on onu a mo 





Fellings* should take place when the water is^lowestf® 
when it is frozen. Timber should be removed up to ti| 
idvenfc of spring, and the commencement of the floods! 
Grass-cutting and removal of litter may be carried on freely 
in such 'forests, without danger of impoverishing the soil,* 
which is enriched by the annual Hoods; pasture, however,; 
should not be allowed. 


Section ■ III.— Swamps. 

1. Formation of Swamps, 

The soil of a locality becomes wet when the drainage-water- 
has not a sufficient outlet. If there be no outlet for the water, 
swamps or peat-hogs may be formed. Either swamps or bogs 
may be caused by rain, snow- or spring- water, or water from 
rivers and ponds. 

Drainage may be prevented either horizontally or vertically, 
the former if the water cannot escape superficially owing to an 
insufficient fall of the ground; the latter, if it cannot escape 
"by penetration into the subsoil owing to an impermeable 
substratum of clay, turf, clayey or marly loam, soil encrusted 
with iron, or massive rock, especially in horizontal layeols! 
Sometimes both these causes are at work, when the harm 
done is intensified. The local causes of swampiness may var$^ 
considerably. 

(«) In low-lying plains , swampiness is generally caused h$ 
flowing water, owing to a slight depression in the ground and I 
stiff soil. 

(h) In basin-shaped valleys along watercourses (Faltceg || 
swamps may be caused by surface-water, or by underground 
infiltration from the stream ; the former .happens after floo$j| 
when the overflow cannot find its way back into the stream| 
owing to the presence of high land along its bank. Part of thj 
. overflow must then remain on the low land, especially wh&f 
the subsoil prevents the descent of the water. Lagoons aloil 
\the sea-coast are formed in this way. * 



fehotes a "high level of "water in the stream and complete 
saturation of the soil. 

(c) In high plateaux, swampiness is due to heavy rainfall, or ' 
fe snowfall with subsequent thaw, or to saturation of the air 
combined with an impermeable subsoil accompanied by the 
growth of swamp-forming mosses or other plants. 

; (d) S wimps on a hillside are generally caused by springs, the 
water from which cannot penetrate into the ground on account 
pf a'Snbsoil of cjay or of horizontal rocky strata. If the soil 



Fig. 268 . 

(1. Impermeable stratum, b, Permeable stratum, c. Water. 

bn a hillside should be permeable above and impermeable 
below, all the water in it descends to the base of the Bill, 
where it rises above the ground-surface and forms a swamp ' 
|Fig. 268). If, however, the permeable stratum terminates in 
If 1 ® ^lope, drainage-water will spring out of the hillside, along , 
& 1 ® where the two strata coalesce. 

. Damage done by Swamps, 
a. General Account. 

fhe damage done by swampy ground is as follows : — 

L Instability of the trees, which favours windfall, especially 
the spruce. 

ih Stunted growth and liability to decay in the roots and 
ejns of trees, and consequent loss of increment and sometimes 
>&th of the trees. The bad growth of trees, on wet soil is due 
the exclusion of oxygen from the roots and to the low tern- 
natures of the {soil and air, as wet soil may reduce air-tempera- 

f6'bv to 1 4° lYfl , blio fflVmni.lAM /->! nnl/l 



Carbohydrates instead of carbon-dioxide in the soil. ’ Healthy^ 
■'growth and activity of roots is consequently much impaired. ^ 

iii. Increased damage by frost,, sometimes killing off youn^l 

plants (p. 49,9). ■; 

iv. Difficulties ki forest management in regeneration and 

harvesting, also in transport. The wetness of the soil increases • 
the difficulty of cultivating it, and often renders spring-planting; 
quite impossible ; seeds do not germinate in too wet a soil, and , 
young plants often perish. ' , 

v. The tendency of a swamp to increase in area is another ' 
cause of "danger to the forest. . 

b. AccmUmj to Species. 

Hardly any forest species can withstand continuous stagnant 
wetness of the soil, but the degree of resistance to it shown by , 
different species differs considerably. Experiments made in, 
the Palatinate, where there is an impermeable subsoil, show ’ 
that trees resisted a very wet soil in the following order : — 

Pedunculate oak, elm, poplars, willows, hornbeam, common 
alder; ash,' sessile oak ; Scots pine, spruce; beech, silver-fir. : 

It is strange to find the alder so low in this scale, as other 
observations tend to prove that this species can withstand 
more moisture than the elm. The birch, and especially Betufa 
pubescent, Ehr., will withstand much moisture in the soil, and; 
so will the rowan (Pi/nis Ancuparia, Gaertn.) 

c. Age of Wood. 

: j , Young plants are frequently killed by inundations. Poleii 
and trees on swampy ground suffer generally from root-decav,’ 
©specially tie spruce, larch, and Scots pine. ’ 

d. Locality and Nature of Soil- Covering. 

' Swamps are more frequent in lowlands than on bills and in 
mountain districts, on massive than on stratified rocks, and m 
heavy stiff soil than on loose soil. Local swamps nj a y occqj 
jwfiere the substrata are horizontal, as on the Buntersandsteiq 
fe the Black Forest. 

weeds* 



^p^eially^peat-moss, predispose to swampiness, whilst per- 
manent pasture dries up the surface- soil, but will pot thrive 
fjon very wet land* 

e. Density of Standing-CrojK „ 

Clearance of forests, especially in mountainous regions, 
favours jthc formation of swamps ; it may be observed as a 
general rule, that swampy ground, when once stocked with 
young wood, becomes gradually drier as the wood grows older 
anil covers the ground. This is especially true for coniferous 
forest, and the efficacy of the Scots pine for draining stamps 
is well known in Ireland, where many bogs have been formed 
oil the former sites of forests, as is proved by the presence In 
them of bog-oak and other woods. The damp, cold London 
clay at Prince’s Coverts near Esher, hardly ever dries up on 
the roads through the forest, but the asrfi, hazel, and alder- 
coppice will be found to have dried up the soil on both sides of 
an extremely wet road.. 

In the foresbof S. Amand, near Valenciennes, in 1843, about 
2,000 acres was wet heather land, the -soil being sand with 
a slight mixture of clay. This was gradually planted with 
Scots pine, and these trees have, drained the soil to a depth 
of 5 feet, so that coppice with oak standards is now being 
introduced in place of the pines. Snipe have almost 
disappeared. 

£ The valley of the Upper Rhone affords a warning example 
of the effects of clearing forests on the formation of swamps ; 
the high land above the river having been cleared of forest 
at the end of the eighteenth century, in order to afford land 
for agriculture. Field-crops, however, have made way for 
pasture, and the quantity of hay produced annually lias 
pecreased, till at last the formerly forest-clad areas have 
^become covered with moss and converted into swamps. 
Reafforesting the area, as in the Dammersfeld, has been 
attempted, but is a difficult task. 

' In explanation it should be noted that in mountain regions: 
frith a cool, humid atmosphere, which is unfavourable to evapo- 
r^ion, the amount of water taken from the soil is proportional 
\o^ht extent of leafy surface exposed to the air,- and to the 



piirface of the croy^of the treefe standing on the afea.' ’ flSjsijj 
greater the amojg||ftf leaf-canppy, the more atmospheric pre% 
Sbipitatioh fallh$#)n it is evaporated, and so much the less: 

\ Reaches the ^Jeund. Broadleaved trees act in this manner 
^■during the season^ growth, but evergreen conifers throughout' 
year. In addition to %is, the absorptive action of the 
|roots, and the power of transpiration possessed by tlm foliage 
Sof trees must be reckoned, as well as the suppression of swamp 
Jl.moss by the cover of the trees. 

f Observations made between 1868 and 1871 at the douBle 
• ' Bavarian meteorological stations, which are* in pairs— in the 
I' forest and in the open— show that according to the season from 
i' 25 'per cent, to 82 per cent, of atmospheric precipitation (rain, 

- iSnow, &c.), and averaging 26 per cent, for the whole year, did 

- not reacli the ground diroc.tly, hut remained on the crowns of 

: the trees. In 1882, f autrat found that 20 to 27 per cent, of 

.rainwater remained on the trees’ in Alsaco-Lothrinaen. Much 
" 1 '• 0 * ’ 

” af this water, however, drops from the foliage or .trickles down 
the stems of the trees to the ground. 

There are certain localities— for instance, level land with an 
impermeable substratum and high atmospheric temperature— 
where swampiness of the soil is, on the contrary, increased by 
forests. In such cases, the rapidity of evaporation depends oh 
the unimpeded action of the sun’s rays and of dry winds, and 
clearing the ground of forests will increase the effects of these • 
forces. '* • 

The action of forests, where the soil-covering of dead leaves^ 
moss, and humus is carefully preserved, in maintainingmoisture"; 
hear the surface of the ground and protecting the soil from the 
effects of insolation and drying wind, is very valuable on hot; 
aspects and steep slopes, especially in hot countries, where 
faater may be thus stored in the spongy soil-covering. A5; 
steady supply of water is thus maintained in springs on th$; 
hillside, while t^e absence of tree growth, on the other hand,; 
Allows rainwater to drain* rapidly down and causes floodlit 
after heavy rainfall, and the watercourses may run nearly 
3ry during the hotter months of the year. , • ^ 

f Ibermeyer his proved by numerous observations that bn j| 
anil ih a of a RONice forest; $f!dm 



pities bdfow the surface, is much drL* - 

&£>ne on bare fallow land, the opposite being the case as regards 
'the uppermost layers of soil, which ai*e protected by 'the leaf- 
canopy of the trees from insolation and the drying action of 
winds, while the moss and dead needles retain much moisjr' re 
near the surface of the ground. Investigations in llussv by 
Ototzkj, and in France by Henry, have confirmed this in the- 
strongest possible manner, and for other trees besides spruce. 

■ f. Season. 

In countries with heavy snowfall, where the snow remains 
lying on the ground throughout the winter, the soil is wettest 
ill the spring, after the snow has melted. 

In the south-east of England, the soil is probably wettest 
from November till March, but dries up rapidly after the 1st of 
March till July, owing to the scanty rainfall and the prevalence 
of dry east winds. 

3. Protective Ruled. 

i (a) In mountain regions, and in very rainy districts, such as 
the boggy parts of Ireland, where the formation ^f swamps is 
to be feared, forests should be maintained and he completely 
stocked, and shadebearing conifers are best for the purpose. 

The spruce probably exercises the greatest action in draining 
' soil, the superficial roots of this species acting like drain-pipes; 
, the Scots and Austrian pines are also very useful in suitable 
localities, and retain a large proportion of the atmospheric 
"precipitations on their needles and branches, 

| (h) Marshy plants should be removed from the ground, and 

tin damp, low-lying places the circulation of the air should be 
‘nckeased by clearings, thinnings, pruning and removal of 
ih^growth. 

(c) AJ1 ditches and watercourses in forests should be kept 
)pen, and at least once a year should be cleared of water- 
plants, dead leaves and mud. 

/' (d) Mountain torrents should be regulated. 

Section IV. — Drainage. 

1 superfluity of water in the soil can be thoroughly rectified 
mlv bv drainage. Before, however, undertaking such a. work, 



i inquiry should be made into all the bearings dfi 
|he question, as extensive drainage-works, especially in * 
;«jM)untai»'ous districts, may damage a wide tract of coun- * 
try, and thus quite outweigh the advantages gained by - 
affording a larger area for forest-growth and an increased 
yield of wood. Experience shows that by draining swamps 
||nd moorland at high altitudes, the supply of moisture to 
the soil and atmosphere may become so reduced that forest- 
growth and agriculture suffer in districts lower down. This 
^calamity is especially liable to affect older deep-rooted woody 
•species, and woods accustomed to plenty of moisture in the 
•soil. Drainage causes subsidence of the soil, and thus the 
-toots of shalloiw-rooted trees such as spruce may become 
, while pedunculate oak and ash may become stag- 


lieaded, owing to their roots being less supplied with moisture 
“than was formerly t^e case. Before, therefore, drainage is 
Attempted, the demands on moisture of tho species growing or 
Ipo be grown on the drained area should be considered. 
hj Neighbouring lands may also be affected by the lowering of 
y&e level" of the underground water and drying up of the 
Ssurf ace -soil, which may have bad effects on field-crops. 

If the drainage of mountain forests bo effected on a large 
|scale, the distribution of atmospheric precipitation ma.y be , 
Altered ; the drier air may hinder the condensation of watery 
| Vapour, and the formation of dew and clouds may be lessened. 
^Instead of frequent gentle showers, irregular storms of rain 
imay come with disastrous results. 

fj: A further disadvantage is the reduction of the quantity of 
fcwater in brooks and rivers, by which timber-floating, water, j 
Carriage and works .for utilising water-power may su ri ® 

i eriousl y- . . . .wJ 

Beuss states that the harm done by ill-advised dram 
j^tost apparent in, the Dobris mountain forests of the Co ^ 
jfansfeld family; through the extensive drainage sye^ \ m £'< 
) milesin length, effected there between 1858 and 


owth in forest and field fell off to such an e 


uses floods| 
run nearlfl 


jjfeeame necessary to fill up most of the drains, 
mountains also, in 1840, much harm was done. g ^ ^ 
Hive drainage, whilst the attempts made since 



i'lbe present century to drain the peat-hogs in the Hannoverian 
Harz districts and to plant them with spruce have proved 
'extremely costly, and given such poor results that they ha v& 
now been abandoned. 

On the above grounds— the danger of drying up sources of 
useful water-supply, and the fear that benefits resulting from 
forest jjrairmge works may not repay the outlay involved — the 
construction of such works on a large scale is to be depre- 
cated, and the forester should not as a rule venture beyond 
draining small local swamps, winch may sometimes be ren- 
dered innocuous or even useful when converted into fish ponds, 
^by excavating them or constructing a dam. 

. From a general view, therefore, of the matter; it follows 



Fig. 269. 

a. Vertical drain, b. Impermeable stratum, r. Ferine able stratum. 

that the advantages of drainage are greatest and the dis- 
advantages least for forests on fairly level ground, whilst the 
reverse is true for mountain forests. The advantage of 
'draining swamps as regards sanitation, circulation of the 
i^ir and avoidance of malarial fever, need only be referred 
jfohere. ■ 

The following methods are employed in drainage 

1. Vertical drainage. 

2. Surface-drainage:— 

, (a) By open ditch 

(b) Kaiser’s method of drainage. 

Underground drainage by covere^ drains:— 

(a) By trenches. 

%b)‘ By glazed pipes. * 
k Jc) By r ordinary draining tiles. 



1. Vertical Drainage, 

Vertical drainage is carried out by piercing an impermeable 
ijjlratum and thus allowing the water to descend into a lower 
JWnieable stratum ^nd be thus drained off. One or more 
borings of sufficient breadth should be made through the 
impermeable stratum at its lowest point, as shown in Fig. 269. 
$ As an instance of the effects of vertical drainage, the 
planting of part of the Bagshot sand district, near Bagshot, 
:§y Schlich (1890-1900), may be cited. The land was mostly 
flat, with a pan 6 to 18 inches below the surface. It formed 
i swamp during winter, and was often very dry in summer. 
Jhe pan was bored through at the planting holes with a; 
pickaxe, and Scots and Weymouth pines planted. This 
communication between the upper and lower strata of the 
-soil led to a complete drainage of the surface, and a fino crop 
bf pine trees is now growing there. 


2. Surface Drainage, 
a. By Open Ditclm . 

i. Hour of Laying out a System of Drains. 

The mode of laying out a system of drairfs depends on the 
%ture of the locality; On level ground and in valleys, a, 
Complete network of drains is laid out after the land has been 
Carefully levelled, and consists of main drains , leaders |gd 
ieden. - ** 

: The main drain should run along the lowest part of 
reaio be drained, necessary excavations being made to give 
t a uniform gradient between 0\5 and 1 per cent., and to 
induct it into the neatest watercourse. 

SThe leaders must carry off the water in the shortest direction, 
bm the feeders to the main drain, while the feeders have to; 
pUecfe water from the soil and conduct it to the leaders, the, 
traction of which depends on the gradient of the ground,; 
Vhep the gradient is moderate, the main drains and leader^ 
'jpuldrun along lines af greatest fall ; if it is too steep, ih&r 
must be increas® by causing them to windpr bendsoj 
-at the drainage water may not Wash away the be^r siefeg 
the;. formation 



tainor crrams is from 0*5 to 1 per cent, but sometimSi t 
llie of the ground may necessitate a certain length of drain 
greater gradient. 

The feeders should be obliquely incited to the line 
greatest fall in order to collect the maximum amount of wa 
from the soil, and they should conduct the water into t 
le&.der|, to which they may be either at right angles or ohliqn 
• The former system, as shown' in Fig. 270, has tlie advanta 
of draining the largest area with the shortest length of dra 
Fig. 271 shows oblique drainage, and the more acute the anj 



Fig. 270. 

Plans of drainage. 


h. Main-drain. 


Fig. 271. 
«. Feeders. 


' between the feeder and leader, the less will be the area draw 
rfcy a given length of ditches. 

Thus a, h, c, d > a, b,e,f > a, b, g, k 

^ A « . 

/ The choice of the angle between the feeders and lead 
f depends chiefly on the gradient of the ground, the less 
^gradient the more acute the angle ; feeders the bed of wh 
^gradually deepens as they approach the leader will be m 
p effective. ¥ 

Feeders can be laid out parallel to one another only wl 
gtijjji^nts are uniform. J Figs. 272 to 274 show so 

f . ’i *■»+ w m < T*mv1v a nf /Il'aSnck liv TTa/>1» 



Iot proper interval between tbe feeders aepenus on me* 

K mtity of water to be drained away, the configuration of tln| 
und and the nature of the soil. The interval between^ 
r two feeders wj|l be inversely as the quantity of water inf 
pythe soil. The looser the soil, the more easily is it drained*" 
On the average, according to circumstances, intervals of 10 to 



Fitf- ^72. Fig. 273. 



Fig. 274. 
Plans of drainage, 


^2 yards may be chosen. In very wet land, the intervkf| 
Between the feeders may be reduced to 10 yards, whilst omj 
g,4rier land it may be extended to 80 yards. 

E; A practical method of determining this interval is given by!| 
llSever. as shown in Ficr. 275. f!nt a h^Ar A onri nww ni 


»yor, as shown in Fig, 275. Cut a feeder A, and another B’J 
« different distances from A till the water in the soil at thfi| 


r/ftfhiflh it 4*1 VAfinit’ia/i trt A i-« 



DRAIN&HSK?' Si 

“ ,l j\ n ^ ( f' "■ , 

j^‘ Water ’percolating from a river should be collected’ as ne 
"'it as possible by deep drains running along the river-side, a: 
' leading back into the river lower down stream. Overfl< 
from a stream can be kept back only by the construction 


C 



Fig. 275. 


embankments, as in the English fen districts, or along the riv 
Severn* 

On slopes, watep should be collected at the points of iss 
from the water-bearing strata, before it can form a swam 
Thus the water should be collected in a drain k k runnii 
along a contour-line on the hill-side (Fig. 276), and tb 
conducted down-hill by a leader A along the line of great* 



D. Chief feeder. A, Main drain, 
}}. Leader from a spring q, and a 
small swamp t. C. Feeders. 


py outlying swampy places in depressions being cc 
f /fed with the latter. Wherever the fall and the extent 
Jibe area 4o be drained are considerable, several such drai 

Wiot? Lo Annah'nMcul rktvc olmtrA fltA Afhov 



ff When ; the gradient is slight and much water colleetil 
ffFig. 277) in a swamp, besides the main drain A, a few coffi?|| 
HBuent drains should he cut, that lead into the main drain.'! 
•HFhey should join the inain drain at a very acute angle, so f | 
' that the passage of the water in it may not be interrupted, | 
?nor its walls undermined by water from the lateral drains. 

, ,#■ 

ii. Dimensions of the Drains. 

-X The breadth of the drains depends on the amount of water .! 
"in the soil, the gradient of the ground, and the purpose of the ; 
f drains. The wetter the soil and the slighter the gradient, 

. the broader must be the ditches; the leaders being broader 
than the feeders, and the main drain than the leaders. From , 
1 to 2J feet is a sufficient width for thS feeders, and 3 to 
‘ 5 feet for the leaders and main drain. 

■> The depth of the drains deponds on the depth to which the 
Hand is to be drained, and on the physical nature of the soif 



Fig. 278. 


;^nd subsoil. Clay requires a greater depth of drainage tkai^; 
4oam, and this again than sandy loam. In peaty soils, the| 
grains should go down to the mineral subsoil. In practice^ 
jfee depth of drains is usually half their width, and draining 
■#,tQO great a depth is prejudicial, costing in excess of the! 
iequirements of the case, and depriving the subsoil of reseryqf 
jfater which will be required by the trees during dry weather;! 
Jjphe amount of water on the land during summer, not in early! 
■^pring, should be considered in fixing the dej&h of drains. ^ 
1 . The slope of the sides of the drains depends on the degree! 
4f Coherence of the soil, and on the gradient of the drain ^ 
^he looser the soil and the steeper the gradient,, the gentler| 
|mist this slope l>e. In Fig/278, a is one meter, and the |loj|| 



DRAINAGE* 6091 

My be £ on peat, 1 on clay or stiff loam, on sandy loam, 
J-r-8 on sand. 

, The main drains may be provided with sluices at suitable 
places, so that they can be closed and the drainage stopped 
luring dry seasons. 


iii. Time for Draining. 

Drainage should precede planting by a few years, so that 
ihe ground may become sufficiently dry and may settle down 
)eforo the plants are put in ; a dry period of the year, e.g. t late 
iummer or autumn, should be chosen for the execution of the 
vork. 

iv. Method of Diguing tiie Drains. 

Operations should be commenced with the main drain at 
he lowest part of the land, in other respects the system 
dready described for digging boundary-trenches should be 
ollowed (p. 18 ). The earth removed from the drains should 
lot be placed too close to them, as it may then be washed T 
lack again by the rain ; it should be used for filling-up . 
lollows or spread evenly over the surface of the ground, ' 
vhieh is beneficial in wet places by raising their level. After 
he main drain has been dug the feeders and leaders should 
ollow. It is most economical to give the work out to be done 
>n contract. * ; 

v. Advantages of the Method. 

: ^he advantages of the method of draining by open ditches 
idien compared with closed drains are : — 

Cheap execution. 

Eeady discovery of places requiring repair, and cheapfess / 
of repairs. 

Its disadvantages are 

Loss to the forest growth of area occupied by the ditches. 

Difficulties imlransport of produce. 

Liability of the ditches to damage by men, cattle, etc* , t 

Too complete and rapid removal of water. This 
cause temporary injuries for want of moisture i ft the 



p The loss of area taken up in open drains is not of ah^ 
'^practical importance in forestry, and provided care he taken* 
. about the number and dimensions of the ditches, the otbel 
^.disadvantages of the method may to some extent be avoided." 
i ln mountain forests, where the snow is long in melting, and' 
y which are subject to unusually heavy rainfall, a system of 
y open drains along the line of steepest gradient removes such! 
y a large volume of water from the forost, that this method^ 
which is usually employed, especially on peaty ground, where 
the flowing water in the drains cuts into the land below, is of 
doubtful expediency. Under such circumstances the following 
: method is preferable;— 

b. Kaiser's Method of Drainage. 

. The principle of Kaiser’s* method of drainage consists in 
avoidance of the direct removal of the water from the forest 
and yet in a complete drainage of the wet land. 

This is effected by the lowering of the water-level by means 
of a number of interrupted drains {collecting trenches) dis- 
tributed uniformly over the area to he drained, combined with 
a system of small ditches widening out laterally. 

The collecting trenches are 1 to 2 meters long, abou 
1 meter deep, and 1 meter wide, and are dug horizontal! 
.along contour lines. The lateral trenches, that unite -thes 
collecting trenches, and the dimensions of which correspond 
to the depth to which the water-level is to be reduced, are $ 
right angles to the collecting trenches. ^ 

7 The following reasons are given in support of Kaiser* 
ija||iod bf drainage 

,v li In every case too rapid and complete drainage 1 , with t| 
injurious consequences, is prevented. y, ;| 

ii. The degree of drainage required by the proposed pla| 
tation is completely under control, as the. lateral drains a| 
3ug only deep enough to reduce the watw-level sufficient^ 
Jpie water removed from the soil and from the spoil-hea| 
.thafc^ remain alongside the collecting trenches fills the latjA 

*, Kaiser. H Beitraoe swr PfWf> Am* ttn/imm/intliortk*** 



ISiiitf the lateral drains only to the same freight as the latte 
has been reduced in the remainder of the area. 

^ iii. In the first place, evaporation over the whole area i 
increased by the action of the sun and winds on the expose* 
water in Ihe collecting trenches. In the second place, th 
surface having become drier and warmer by the drainage 
increases the evaporation, and favours the capillary ascent c 
^yater from the sub- 
soil; it also warms 
the air near the sur- 
face of the ground. 

. The results of this 
process must be 
favourable to the 
^growth of plants. 

By the gradual dry- 
ing up of the surface, 
peat-mosses and sour 
grasses disappear 
and the chemical and 
physical condition of 
the soil improve. 

The formation of 
' peat ceases ; the de- 
composition of the 
humus becomes 

.normal. Lichens 

disappear from the stems, Danger from frost is diminished 
Annual shoots, hitherto short, become longer. The water i 
thus utilised for the service of the forest. , • - ^ 

Tffe above method was tried in 1888 and subsequdflfi yea£ 
in the Bavarian Royal forest of St. Oswald on peaty areas 
it is represented, in Pig. 279. The collecting trenches wer* 
, dug in depressions and other places where the peat wai 
/ wettest. The lateral feeders were 30 to 45 centimeters wi$ 
and ‘deep, quite deep enough for young spruce to becoun 
rooted above the subsoil water. The excess water was corij 
ducted from the collecting trenches by little trenches a (eg 




P iveyed it lower 4 down. If such a watercourse d^s'^o^ 
st a drain must be dug to receive and drain ‘away the * 
Surplus water. The system of drains gave admirable results, 
land the cost was 12s. per acre, that of the upkeep per acre, 
$8. annually. 

if The cost of open drains in Germany, in 1883, was about 
ps. per acre, but the extra cost of Kaiser’s drainage is ipcon- 
liderftble when compared with the superior benefits obtained. 

| ' The only objection to the method consists in the fact that 
’the collecting trenches— at least in depressions—- -form so many 
Tittle frost-holes, that increase local danger from frost. 


8. Covered Drains . 
a. Trenches. 

i. Method ok Conbtjjuction. * 

Underground drains are usually made as in Fig. 280. 

The trenches should be about one foot broad at their base, 
t| to 2J feet deep, and with a slope as steep as the nature of 



fpe soil will allow. The trench is then half filled with sto«~„, 
(which are covered with brushwood, reeds or sods, and the top 
|s filled in with eatth. 

^Another method is to cover the base of the trench with,*; 
ppcineB or tied bundles of green osiers, branches of alder, 
fpplar or shrubs, which are used immediately after they have ; 
|ben cut The. vacant spaces between the fascines along the| 
jf§f«?,gf the. trenches are filled up with moss, and thewhMftl 



^covered with earth, as ‘before. This mode of drainage, known 
to the Itomans, was introduced into England by Elkington, 
and was much practised until 1820. It has the advantage of 
preventing excessive drainage, and may serve its purpose ill 
places to be planted up, until the roots of the plants can 
themselves drain tho soil. / 

♦ 

ii. DniuniLiTV. ' 

Brushwood-drains when the fascines are of alder branches 
will last from 8 to 10 years; they rot sooner on calcareous 
soil and last longer on (day. As, however, the plants once 
forming a thicket themselves drain the soil, and by the use of 
fascines too much water is not removed, this method is highly 
* advantageous. \ \ 

Drains made with stones may last for 50 ' years, and are 
therefore preferable, unless temporary drains are sufficient for 
► the purpose. 

iit. Vamtk of thk Mktiidij. 

Owing to the high cost of this method of drainage, it is 
used only for permanently wet ground. It is also largely 
employed for adverts, to lead water across roads. 

! 

b. Glazed or Cement Drain-pipes . 

Drain-pipes made of glazed burned clay or cement and of 
various dimensions are now generally used for culverts;' they 
Ante the advantages of rapid drainage and facility for* being 
deaned, with that of great durability. 

c. Draining Tiles. 

i. PESCUlPliON. * 

Draining tiles are cylindrical tubes of burned^ clay with a 
jircular section. They are generally 1 to 1*| feet long, \ to | 
inch thick, and their apertures to 4£ inches across. A 
apod draining tile should be well-burned and smooth wifchi% 
it should ring when struck, show a clean uniform fracture, an<| 
stand sudden changes of temperature without cracking, for 

a man (Ao^nal Vist nl.l ttrvl’rv rr nlfavnn(ij]v 1 n f A linf. 



Hill water. The clay used for these tiles should beiairl^ 
pure, and contain no lime nor coarse grains of sand. The| 
larger tiles are used for main drains and the smaller ones fot & 
collecting drains^ 


ii. Laying the Tiles. 

•■ff 

| r , Trenches for the tiles are similar to those in use for , open 
drains, their dimensions depending on the nature of the soil ; ! 
? their sides, however, should he vertical ; the main drains have ; 
a fall of 2 in 1,000, and the collecting drains a greater fall, * 
md should be from 30 to 80 feet apart according to the nature 
)f the soil. The shortest distance for collecting-drains is 
shosen when there is much subsoil -water in stiff clay or in very 
fine mined soil with great capillarity ; in fact, the looser the 
soil, tile fm ther apart the drains should be. 

The depth of the collecting-trenches should be from 3 to 4| 
feet, and at least 8J feet is necessary in cold climates, to 
prevent. damage to the tiles by frost; the main drains should 
be somewhat deeper. * - 

\i After the trenches have been dug, which for very wet soils 
should be in fine weatlior and with as little delay as possible, 
the tiles should be laid carefully, beginning at the upper end 
bf the drains, and placed end to end at the bottom of the 
trenches ; or, if the soil be loose, on a layer of day or on : 
|Jat roofing tiles, which will give the bed of the drain an evem 
jjpadienfc, to which .much attention should be paid. Brown ^ 
recommends placing a layer of stones under the tiles, in which ; 
Ordinary drainage-water may run, while its level will rise to;j 
of the pipes only when the soil happens to be exceptionally 
Si This is because the rootlets of trees are attracted* 
pwards wet substances in the soil, and will therefore branuj| 
|i$6ly among the stones and' yet not block up the pipes, which* 
fire usually dry. Brown also advocates placing a layer of cla^ 
/over the pipes, so as to keep the upper rootlets from getting 


:ioto them. ^ 

I; The size of the aperture* of the tiles depends on the degref 
j|f wetness and capacity of the soil ; the more water there Jjj 
||^be removed and the greater the danger of the tiles beconam# 



Sie "larger the ap&rtSfeof the tiles, and JS1 
tandy soil it should be at Jgast two inches. . 

’ After laying the tiles, wch should be done in dry weather, v 
ipd as rapidly as possible, the trenches are tilled in with 
tfirth, and th6 greatest care should be taken, especially when; 
ihe soil is stony, that the pipes are neither broken not) 
lisplaced. 

^ii. Durability. 

Xlie durability of the drains depends on the nature of the ' 
soil, the quality of the tiles and the care taken in executing V. 
the work. Well-burned tiles at depths of 34 to 4J feet should 
last for 25 years and more ; for instance, draining-tiles laid in 
1850, in the Prussian Crown Estates, were in good order in; 

1880 . j 

The cost of draining with tiles is about £8 per acre, and; 
this is, of course, prohibitive for purely forest work. 

d. Comparison of ])ramn<j-?ifes with Open Drains. 

Drainage improves soils by lowering the level of subsoil' 
water, and exposing a larger area of the soil to the influence 
of atmospheric air, thus rendering it warmer and accelerating! 
the decomposition of humus. As compared with open drains,,? 
draining-tiles waste no productive area, aro less subject 
damage and drain the soil better, and their use is highlyi 
advisable in agricultural lands, but in forests they are much': 
more costly tq, lay out than open drains, and they easily; 
become choked by the rootlets of trees and of weeds such agj 
Equisetum , Anmdo , etc,, and also by frogs’ spawn* Deposits oft: 
iron-ochre may also be formed in the pipes, and they m4j| 
become filled with sand. . -fi 

1 Experience has shown that in forests all- the disadvantage^ 
of draining-tiles occur more frequently than in agricultural;) 
lands, and they can be profitably used only in forest nurseries,^ 
or for bad forest meadows. The production of hay in meadow^ 
may be increased 25 per cent, by good drainage, and 
Quality of the hay is also improved. 



CHAPTER IT. 


PROTECTION AGAINST AVALANCHES* 

i 

] . Origins 

Avalanches are caused by the loosening and fall of masse? 
A snow or ice on steep smooth slopes in ^mountainous regions 
they may consist of loose or massive snow, or both combined 
or of ice from broken glaciers. 

a. Avalanches of Loose Snow. 

These are locally termed Stanblawineu , and occur in 
^November, when fine dust-like snow is falling ; they are dut 
to great steepness of the mountain sides, or to overhanging 
masses of snow falling on to rocks, the snow being separated 
into dust during its fall. They are of rarer occurrence than 
lither avalanches and seldom cause any damage. 

b. Avalanches of Massive Snow. 

Movements of the upper layer of massive snow, termed 
Oherlawinen , occur chiefly from December to February, when 
ithick layers of fresh snow have fallen on to <jld frozen snow, 
and become so weighty that they can no longer rest on the 
smooth base beneath them. 

c Ground Avalanches. 

I When masses of snow which extend down to the surface of 
the ground, roll or slide down a mountain side, they are 
termed Grundlawinen , and are extremely dangerous. They 
generally fall towards the end of winter at midday, during th« 
pelting of the snow, and when a Jb'okn, or south wind, is 

flf/Landolt, SI, ‘‘pie Baehe, Schneelawinen a. Steinscklage.” Zurich, lBSejj 
jpto, Vmcensff' Bie Lawmen Oesterreiehs uhd der Schweit? ub< 1 
^i^auungea. M , Vienna, 189},. 



lidVingj^Rnd frequently during a stoBT These are the 
ttramonest and most dangerous avalanches, and leave tracks 
which can be readily observed, as they occur over and over 
•again at the same places. 

(I. Glacier- A valanclm 

Consist of broken fragments of glaciers. 

The following remarks apply only to avalanches of massive 
snow and ground avalanches, 

2. Ihtmaffc done. 

The damage done to forests by avalanches consists in the 
breakage of all woods lying in their way, and in the obstruc- 
tion of streams and roads which they cause. The rush of air 
that accompanies an avalanche is so great that it breaks 
many trees up to a distance of several hundred yards from the 
avalanche. Many ibex are also killed by avalanches. No 
forest can withstand the rush of a large mass of snow down 
the mountain side, and the higher, smoother and stee^r, and 
freer from wood a mountain-side is, the greater the danger 
of avalanches, and the greater the rapidity with which they 
fall. ^ 

A "high soil-covering of hill grass affords considerable 
protection. 

In the winter of 1875-76, in the district of Ragaz, of the 
Swiss canton Graubunden, 500 avalanches occurred, and in 
the. district Schuls of the same canton, 881 avalanches. The 
winter of 1887-88 was also distinguished by the number of 
avalanches which fell — 3 ,094 avalanches, chiefly betweeii 
February and April, of which 871 (80 per cent.) extended to 
forests. On an area of 8,800 acres, 2,870,000 cubic feet of 
timber was broken and uprooted* The damage done by the 
avalanches was valued at £17,220. 

Austria, during the winter 1887-88, damage by 
^avalanches was done to the extent of £28,000. 

8 . Protective Cultural Measures . 

[a) The surface above the tree-limit should be fixed b| 
ffiowirm grass. In order to afford a sufficient obstacle to thl 



;w.«ing down ottHTOiow, the grass should be- rioSFI'l 
‘leave a high stubble.' : : 

; . % All shrubs, such as rhododendrons, green alder, dwarf 
jbirch, etc., should be preserved carefully on steep slopes, i 
(c) The forest must be maintained up to the tree-limit, an| 
;.this is the most important rule. Forests which serve t$ 
.protect the country from avalanches are commonly found if# 
Switzerland the Tyrol, and the Austrian Alps, and must be 
properly managed so as to secure the object in view. ’ 

.The best species for such forests are IHim Cembm 
P. Montana, green alder, larch and spruce. The mountain- 
pine and alder resist the snow action splendidly. Spruce' 
grows up to an altitude of 6,000 feet. Beech and sycamore form 
useful mixtures up to 4,600 feet. The Selection system must- 
be adopted, and all gaps shou Id bo at once planted up. When 
a new forest is being formed, sometimes sowing and sometimes 
planting should be preferred. In stony, shallow calcareous 
soils, pit-sowings are made under the shelter of stones, rocks,' 
dead branches stuck into the ground, or of logs fixed by stakes] ■ 
all of which protect against the sliding of the snow. In places 
where there is deeper soil, in depressions, etc., multiple- 
planting with three and four plants should be tried. The cost 
varies from £5 to £8 per acre. Production of wood* is of 
secondary importance in such forests, and, as a rule, only 
dead and broken wood should be utilised, and the stumps 
should then be left in the soil, the felling being high above' 
the ground. Thickets of young wood must be carefully; 
thinned. Neither removal of litter nor pasture, more especi?! 
ally that of the destructive goat, should be allowed, butjl 
unfortunately, in such places browsing by goats is only tog! 
common, and the tree-limit is being continually lowered. 


4. Protective Works . 

' ; Protective works consisting either of ditches, rows of watt' 
fences or walls should- be made above and below the ,li 
^hete avalanches begin, which, is easily recognised 6y 
sudden change in the gradient of the slope. 

horizontal ditches,"; 6 4jp, 



p§fSre % SSg all ’over the area, being arranged like the" 
tele-fences in Fig. 281 ; their construction on very steep 
lopes is evidently not unattended with danger. 



Tig. 281. — 1*1*111 of fences for protection against imtlanchos. 
u b. Line where the avalanches coimiiencc. <\ Fences. 


(/;) JlnuH of Watth i -Fmrs.- J V\to stakes used may l>e either 
)f wood or iron. Those are set up at intervals of from 20 to 
50 feet, their central points being at those of a series of 



Iquilateral triangles ; they should bf 15 to 80 feet long, and 
0 wattle-work with branches plaited between stakes firn||| 
into the /ground. , • (i 

o.*ia».A*n rti woiiioJoriAAs fl.tlnwR Roil to he formed on a 




rocky slope, which may afterwards be sown with gra$s, 
planted with trees or shrubs. % 

(c) Walls .— On stony ground, walls of dry masonry may be 
erected instead of wattle-fences; their mode of construction 
shown in Fig. 282. On steep rocky slopes, the rock must be cut,' 
to .admit the foundation of these walls, but this need only b$/ 
deep enough to prevent the walls from falling, owing to th&ir ; 
own weight. Such walls have proved effective in the Swiss,,; 
cantons, Uri, Graubunden and Wallis, and cost 8s. to 6*. pet - 
cubic meter. Confidence in them was greatly disturbed by 
the damage since 1807, done in 1887 88. 



CHAPTER III. 


PROTECTION AGAINST SHIFTING SAND* 

nder the term shifting sand is meant a tine-grained sand 
i aining so little clay or humus that when dry and the soil 
i adly covered with vegetation, it is set in motion by the 
wind and blown from place to place. Shifting sand is generally 
found on the sea-coast, but also in the interior of countries. 
As the productive forest area becomes rapidly reduced by the 
spread of the sand, the evil must be promptly and vigorously 
.met. 

Section I.-— Sand Dunes. 

1. Description . 

Sand is thrown up by the waves along the sea-coast at high 
tide, and becomes under certain circumstances heaped up into 
hillocks, or dunes, 'and is then carried further into the interior 
,o| the country. Yasselot de Itegn6 states that the grains of 
sand on the Gascon coast are too large to be carried like dust 
before the wind, but are rolled up the slope of a dune and fall 
.over its ridges, so that the duno naturally attains a slope of 
^about 25° towards the sea, whilst its slope inland is generally 
Steeper, and may attain GO 0 . The sand is blown away from 
She ’ridges or from any eminences in the dune, however slight 
; : $hey may be, and is also carried through depressions made in 
a ridge to the further side of the dune. Two forces are at 
Iwork on the sand — the sea-breeze which prevails during day- 
time and drives the sand inland, and the land-breeze by night, 
|f#hich finds the sand firmer owing to the dew, and is not so 
effectual in blowing it back as the sea-breeze is in blowing it 
porward. 

Wessely, Jostff, “ Der Europaische Flugsand u. seine Oultur.” Wien, 1873. 
ice sur lea Dunes de la Coubre,” par Vasselot de R»%nd Paris, Imp. Nat., 
“ Da Dibe Littorale,” par C. Urandjean. “ Revue'des Eaus et ForSts.” 
^-December, 1887. Lehnpfuhl, “ Dunenwanderung und Dtinenwald ” 
iii<$eaer Forstliche Heft,” 2 Heft, 1892, p. S8). 



6 n the coasts of {he North Sea and of the Baltic, in Bots^ 
Schleswig, Jutland, and in the Baltic islands, and along ,® 
western coast of France, from the lie d’Oleron to the mouffe| 
the Adour river, sand-dunes cover extensive areas, and ufctLj 
effective measures were taken to fix them, large tracts, -Op 
cultivated land were buried in sand. Along the coasts of Weg| 
and East Prussia, for a* distance of 150 miles, dunes t extend fjg 
a breadth never less than one-sixth of a mile, and unless tHe$J 
are fixed they encroach inland yearly by 50 feet. The area 'of?; 
European dunes is estimated at 21,000 square miles. y'* 

The coasts of the British Isles consist chiefly of rocky cliffs,; 
but sand-dunes are found in Norfolk, Somersetshire, Lanca- 
shire, Elgin and other places along the coasts of Great Britain.' 

The dunes along the Bay of Biscay in the French Departed 
merits dcs Landes et de la Gironde extend over a total length of 
140 miles, forming a series of parallel ranges about 160 feet 
high and 4 miles broad. During the constant political troubles^ 
of the middle ages, the natural forests of maritime or cluster 
pine (P. Pinaster, Boland.), which formerly covered this area;, 
were burned and destroyed, and the sand invaded the country 
at the rate of 60 to 70 feet annually,, covering whole towns and 
villages, cultivated fields, and vineyards. The passage ofj 
watercourses to the sea was interrupted by the accumulate^ 
sand ; a desolate malarious region, called Les Landes, resulted. 
Swampg and lagoons of brackish water alternated with vast 
tracts of arid sandhills, where a few sheep pastured, tended 
by shepherds on stilts. 

In 1787, the engineer Brdmontier published a 
showing that the dunes could be fixed by sowing sand-gra 
and pines, and the work of fixing the dunes of Gascony wail 
commenced in 1788, and has been continued with complet| 
success up to the present day. In 1810, the French Legislaij! 
ture passed an Act enabling the State to fix dunes belonging 
to municipalities and private owners, by means of plantation 
the owners only recovering their property after paying ® 
cost of fixing the sand. This they have only rarely been fij|i 
to do, owing to the great cost of the operation compared yijjm 
the value' ‘of the reclaimed land. , v ‘'Jig 

v . About 800,000 acres have thus been dealt with, the. &b4I11 




jpfiarge for hew work and for maintaining the dunes which have,; 
^been already fixed having Seen .£8,400 in 1893. In this way 
[Vast areas have been saved for agriculture, and enormous,! 
^tracts of pine-forests created, which afford work to a large 
-number of people in the extraction of resin and turpentine 
from the trees, and in timber- works, the pine-forests of the 
Landed now exporting about 600,000 tons of pit-timber to 
Great Britain annually, besides large supplies of timber and 
firewood for local use. 


2. Construction of a Littoral Dune. 

As an embankment along the coast prevents the wind from 
driving the sand inland, the chief point to be secured is to fix; 



a. The Lion Dune. 



c. Tho Ferret Dune. 


Fig. 284. - 


the sand, so^ as to form what is termed the littoral dune, the, 
mode of construction of which is as follows H 

Two parallel fences are erected along the coast, between an^ 
on both sides of which the sand accumulates, the fences being 
gradually raised till the dune has attained such a height thai 
only inappreciable quantities of sand are blown over it. v ; 

The fence facing the sea- is a continuous line of paling, from' 
800 to 600 feet distant from high-water mark ; it is made of; 
inch planks 6J feet long, 6 to 8 inches wide, which are pointed 
below. . They are inserted to f ths of their length into the sandji 
and 1 inch apart, to allow sand to blow through. When thl 




fry means of levers worked by one-man against the next uh~?| 
raised plank, or fry a stout rod passed through a chain fastened;^ 
round the plank and lifted fry two men. This operation id j 
repeated until the proper height of the dune is attained, which 
Grandjean places at 10 metres, or about 83 feet. 

The back fence is usually made of wattle-work and prevents , 
the sand which has passed through the front fence from being 
carried inland, and gives a proper contour to the dune. This 
fence is replaced by a new one when it has become covered 
with sand. 

r The preceding diagrams (Fig. 284) taken from Grandjeans’ 
work represent the ordinary sections of the littoral dune, and he 
considers b and c preferable to a , as being much easier to 
maintain. They have slopes of 26° or 27° facing the sea, which 
corresponds with De R6gn6’s natural slope of the dunes. 
Grandjean, in the work already referred to, gives full and 
satisfactory reasons for the height and gradient he prefers fori 
the littoral dune. 


8. Material for Fixing the Said. 

The littoral dune can never be planted with trees, on account 
of the salt spray of the waves and the strong sea-wind. In 
certain places in Holland, masonry works and piles have been 
Jerected to protect the dune, but as a rule flexible plants are 
Jmuch more effective than rigid and costly works. Attention is 
therefore directed to sand-grasses and sedges, and the best of j 
. these for the purpose are 

Sea marram, or matweed (Psatnma arenaria, R. & S.) ; 

Baltic matweed (P. bdUica , Schrad.) ; 

Sand lyme-grass (Elymus arenarm, L.) ; 

Sand sedge (Carex arenaria , L.). 

All these plants are characterised by very long, much-divided 
\ rnizomes, and can withstand being covered over and buried in 
I sand. The sea marram will grow only where it is continually 
^covered with fresh sand, and dies inland in the shelter of the 
|Jittoral dune, when no fresh sand covers it. It is termed 
fflowbet in France, and is exclusively used for fixing the littoral, 
Mune alontf the Bav of Biscay. Next to the marram in x&mM 



P^impHe’sand comes the lyme-grass, and these two species ; 
|re chiefly used for the purpose in Holland. 

I' Other plants grow in gradually among them ; at first lichens 
aihd algae, then grasses, as for instance Arcnaria pephidcs, L,, 
Aim canescens,' L., couch-grass (Agropyrum rcpens } Beauv.), 
and other plants, such as the sea-poppy, Glaucium luteiim , 
Scop. ; g Lathyrus inaritwus, Bigol ; and Hicvacium unibellatwn , 
L., etc. Vasselot de B6gne gives a very complete botanical 
list of dune plants. 

Several shrubs then appear on the land side of the dune, as 
Salix rr.pens, L. ; sea-buckthorn (Hippophae rhamnoides , L.) ; 
Lycivm barharum , L. ; Tamarix , etc. 

4. Maintenance of the Littoral Dune. 

When once the littoral dune has been raised to a prosper 
heigh? and profile and fixed by means of sea marram, it is 
gecessary to maintain it constantly in the same state ; any 
undue accumulation of sand in any part of the sea side of the 
dune at once causes an inland draught of sand on both sides of 
iff, which if not at once attended to will breach the dune. 

Men termed gftrdes cantonniers are therefore stationed along 
the littoral dune in Gascony, who cut away all vegetation except 
the marram from its surface facing the sea, in order to prevent 
Undue accumulation of sand. As the marram grows readily 
from cuttings during the colder six months in the year, the ^ 
workmen who cut it away from ridges plant it in depressions, 
Or if the season be too hot or dry for the cuttings to take root, 
the pieces cut from ridges are merely placed on depressions. 
In this way, by cutting away the marram where it is too dense, 
und planting or placing it in depressions, the proper contour 
Serf the dune is maintained., as the sand accumulates behind the 
jmarram, and is blown away wherever the latter is cut*. 

In cases where the dune has been neglected and large 
depressions have been formed, it may be necessary to use 
Wattle fencing to cause an accumulation of sand, but if ordinary/ 
care be taken, the mamlm grass will suffice to keep the littoral 
dune in good condition, and Grandjean believes that new 
littoral dunes may be formed by means of it, without using the ^ 
Ige^described in section 8, 



5. Protective Coast Forest Zone , under the Shelter of 
the Littoral Dune. 

a. Description. 

Under the shelter of the littoral dune, a protective zon$ 
of various woody species mixed with gorge, species of genista, 
heather, Tamarix , etc., is then allowed to spring up. but is : 
generally planted or sown artificially. 

, The species chiefly grown near the Baltic coast is the Scots 
pine, over 8,000 acres of this species having been planted near ; 
Dautzig botween 1795 and 1850. 

In Zealand, the uucinata variety of the mountain-pine 
(Finns montana, Mill.) lias been used, and its great success i#„ 
due tp its indifference to soil and climate, and its habit, of 
retaining its lower branches green for long periods, In France 
ihe cluster pine is chiefly used, but it is liable to be frozefi when 
grown too far to the north. 

Spruce, birch, or white alder may be mixed with the pines, 
and in South-west France pedunculate oaks and Q. To;za , 
D.C. In depressions, the common alder, poplars, and willows 
/may be grown. 

The different varieties of Finns Lancia, Poir., and especially 
the Corsican variety, maples and the silver poplar, are well able 
to withstand the force of the strong sea-winds. 

As a rule, the growth of protective forests near tile sea coast is 
. poor, on account of the strength of the sea breeze and the poor 
nature of the sand in which the trees grow, and which is being 
constantly heaped over their roots, but protection and not timber 
is required in a zone extending from 600 to 2,000 feet beyond 
the littoral dune, and which if left un planted would be a bare 
: : sandy tract tending to spread inland and ltiiin existing forests. 

In a (toast-protection forest, short terminal shoots, procum^ 
)ent stems, one-sided crowns and a leaf-canopy sloping down 
seawards, are evidences of the struggle these woods carry orj 
vith the wind, but it is a forest all the same, 

The conditions of growth greatly improve as the distant^ 
;rom the sea becomes greater, so that further inland, espeeiall| 
if the sand contains little flakes of mica, even superior species 
l^ch as beech or silver-fir ‘may be grown, as in Alsensufi$ 
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via Schleswig. If, in any part of the protected zone, a shelving' 
Jiliff of sand unprotected by vegetation is exposed to the wind;, 
(St should be covered with branches of pine, gorse, broom, etc., 

? placed like slates on a roof, and some sand-fixing grass sown 
to prevent the sand from being carried inland. 

b. Method of Formation. 

' The ineq ualities of the ground should first be levelled in order 
to afford the wind as few points of attack as possible. Sand- 
fixing grasses should then be sown or planted, the former 
method being followed in France and the latter in Germany. 
Pieces of the grasses should be planted in rows at right angles 
Ao the direction of the prevalent wind, holes being made with 
a spade 1 foot to 2 feet apart, and three or four pieces of rhizome 
planted in each hole so deeply that only about 6 inches of them 
appear above the sand. They soon sprout and send out suckers 
in all directions through the sand, which they fix most ! 
effectually. 

The cost of fixing sand with grass is that of 70 to 140 days’ 
Work at 3s. a day, averaging £15 an acre. In Prussia, long- 
rooted yearling pines are then planted 1 foot apart in rows 
distant 3 feet from one another. The work is done with an 
iron dibble, so as not to loosen the sand unnecessarily. Moun* 
tain-pine is the best species in the north for fixing the sand, 
other trees being eventually planted between the pines? 
Cuttings of poplars or willows may be also planted. "I 

, In fixing dunes along the Baltic coast, Prussia spent £3,100 
a year between 1884 and 1887, during which time 230 acres 
were fixed with grass and 608 acres stocked with trees. This 
sis now being continued at an annual cost of £5,000. 

I The pl^ntiug is usually effected under the protection of the 
littoral dune, and pine forests in the protective zone are then 
^managed under the Selection system, and broadleaved species 
fare coppiced. 

j^vln the Danish island of Zealand, up to 1866, sowing was pre- 
ferred to planting, the sand being previously covered with a' 
’thin coating of loam which was placed on the ground in heaps 
|n the autumn, and somewhat weathered by the winter’s frost* 
before being spread over the area in the spring. 



In France the cluster pine is sown with other seeds in 
ollowing proportion for an acre 

Cluster pine seed . . . .26 lbs. 

Furze or gorse . . . . 2| „ 

Genista 2J „ 

Marram grass . . . . 2J „ 

Seeds to attract insectivorous birds 2J „ 

As the seed is sown, it is covered with 1,000 faggots, 8 feeij 
n girth and 5 feet long per acre of furze, broom, heather ail 

pine branches, furze beings 
preferred wherever it is. 
available. The faggdts aref 
evenly distributed over thg; 
.area and opened out, and 
the sowing is then com-. J 
menced*on the land side, 
towards the littoral dune; 
under protection of a 
wattle - fence intended to 
keep off the sand blown 
back by the land breeze. . 
Each row of seed is covered i 
by the branches, which are:; 
placed in rows with their 
lower ends towards tho sea^ 
so that each succeeding ro$| 
of branches partly covers| 
the preceding one, bein$ 
arranged like slates on #] 
roof and kept steady b$ 
spadefuls of sand thrown on them at intervals of 2 feet. J 
Areas of about 300 feet long by 60 feet broad arelhus sowiif 
it one time. Between 1862 and 1874, 5,200 acres were thnl 
sown in the (jrironde at a cost of £30,646 l 



Fig. ‘ittb.—Psamma armaria , Beauv. 
a b Surface level of ground, r Rhizomes. 


c. Tending the Woods. 

The sand grasses used in fixing the dunes must not be cpf 
or pastured. The water rat and the larvae of Polyphylla fuU^ 
Li are the most dangerous enemies to the crrass rhiHomesi'lif 
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p. Dune forests must be strictly protected against grazing, 
Removal of litter and trespass. Article 366a of the German 
:|Jriminal Code punishes contravention of police regulations 
[regarding dune forests with fines up to £7 10s., or imprison- 



ing. 2b6.— Elymus arcmriun , L. 


ment, and in Holland, four weeks’ imprisonment is inflicted 
for cutting grass on dunes. 

Only dead or dying wood should be removed from the dune 

forests. 

w, 

d. Addenda . 

L ; The best English example of the fixing of shifting sands 
jb on the Holkham sand-hills, on the Norfolk coast, belonging 
f$the Earl of Leicester, where, since 1850, sea lime-grass and 
barram have been used to fix the sands, and several species of 
bine planted, of which the Scots and Austrian pines # iiave 
proved most successful. . The trees are planted widely, as 
jibinnings . would be injurious, unless lop and top were 
Amoved, ow^ig to danger from fire. Now* that the grass 
§ kept down by the trees, fires are rare. Extensive planting 
It sand-hills has also been done in South-west Lancashire, 
|^ts, Austrian and Corsican pines, as well as alder, birch, 
J&iiiarisk and other plants, being used. Babbits are the chief 
|&nger to these plantations, being very common on sand-hills 
Song the coasts of Great Britain, Unless they are extermi- 
PILftfirB is littlfi hope pi fixing the sand. 





* In India, along the Madras coast, extensive plantations df^ 
Camariiia eqmsetijblia , Forster, have been made, and groW 
with extraordinary rapidity, yielding excellent fuel. - 

In the Cape Colony, shifting sands are sown with cluster 1 
pine and Acacia Pycnantha and decurrens , the seed being mixed; 
with rye seed, as the rye protects the seedlings. A layer of 
town refuse is first spread over the sand to assist in fixing it; 
and serve as manure, ten tons to three acres of sand, 
Gupmsus macrocarpa, Gord., and Pinus Jlalcpensis , Mill., do 
well, also robinia. 


Section II.—Inland Sand.* 

1. Description, 

id sandy tracts generally originate from sandy hills, and 
are due chiefly to the clearance or careless management of 
forests, and especially to removal of litter. Extensive sheep, 
pasture on heather-land also readily sets sand in motion., 
Large tracts of shifting sands are found in Hannover, 1 ; 
Oldenburg, Pommerania, etc. The greatest areas in Europe . 
of inland shifting sand are, however, in' Hungary and South 
Bussia. 

2. Proactive Buies, 


. Maintenance of forests, especially on sandy hills, is the chief- 1 
protective measure to be adopted. N ot only must clearances of$ 
forests be prevented, but all destructive practices leading to^ 
their impoverishment must be stopped. 

The following measures should be adopted in forests whic^ 
serve as a protection against shifting sand 


(a) The Selection system should be adopted, or only very j 
pmall areas under a short rotation be cleared; Extensivej 
clearings must be avoided in -any case, but the^shelter-woo|| 
systems with natural regeneration would be suitable were ii 
always possible to obtain natural regeneration on dry, sandjjn 
areas. In the Gascon cluster-pine forests, clear-cutting III 
adopted, as the trees that form the final crop, being tapped 
for resin, do not produce seed. The pine seed is, howewjfflf 
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^§^roducied % so abundantly by trees adjoining the cleared area 
If Jan d germinates so freely, that good results follow. 

(b) In the case of artificial regeneration, and for filling up 
^natural regeneration, planting is preferable to sowing, but the 
^ planting-holes should be small, and young plants used. 

;,f (c) The borders of the forest to windward must be kept 
** densely stocked and all underwood protected, while the soil- 
// covering is strictly preserved. 

v ^ f (<i) Stumps should be left in the ground after fellings, and 
K cultivation of cereal crops in combination with sowings of 
si forest trees must not be undertaken. 

} (e) No pasturage should be allowed, and all servitudes for 

, -pasturage, passage of cattle, usage of grass or litter should be , 
\ legally annulled. 


3. Fixation of the Sand. 

_ 'Whi 

The supply of sand must be stopped at its- origin by planting/] 
up the sandy hills from which it comes. Loose sand may be 
fixed by means of fences, or by covering it with branches or, 
sods, and both these methods may be combined. Planting sand- 
grasses is not advisable, as it only increases the difficulty of 
restoring forest growth to the denuded area. 

» a. Fmm. 

■ Fences are generally made by driving into the ground pine 
■stakes 6 to 8 feet long and 2£ to 4 inches in diameter. They $ 
should be driven 2 to 8 feet deep and supported alternately, 
pn either side by means of oblique stakes, as shown in/ 
[Fig. 287. . i; 

i,' Between the stakes, branches of Scots pine or of broom-; 
should be intertwined, leaving sufficiently large interstices fo$?' 
lithe sand to pass through, or else the fence would be broken by,, 
ats pressure. Poplar- or willow-cuttings may bo used instead/ 
of pine-stakes; they take root, and their side-shoots mayj 
^eventually be twined into a fence. * / 

i. The fences should run at right angtes to the direction of the/ 
gifting sands, on both sides of roads, or other endangered^ 
places, their ends being, turned round to serve as a protection! 



against the winds blowing at right angles to the fences! 'SeveffiJ 
of these ’ horseshoe-shaped fences may be made, at suitably! 
distances, parallel to one another, the distance between them | 
depending on the locality; on level ground a fence will afford 
shelter for 200 to 230 feet, but on hilly ground for not more K 
than half these distances, and on steep hill-sides not more ;i 
;han 60 feet. ; 

I • V- 

One man can make from 60 to 66 feet of fencing in a 
lay, non-inclusive of the labour of transporting the material. 
Fence-construction is therefore costly, and fences are not used 
it present so much as formerly, as they do not thoroughly t 



Fig. 287. 


|uMil their object. In general, the formation of protective; 
fences is now not followed, as they are expensive to erect, and* 
the results are not considered sufficiently good. 


b . Covering the Sami. 

C Before covering the sand, all unevennesses on tne areasnotua* 
be smoothed down. The wind acts with more force on rough; 
V projections in the sand ; and the steeper the hillocks, the more’/ 
Readily does the sand roll down them. Small depressions? 
Should be filled up with brushwood or wattle-work. 

; Branches, weeds, grass, seaweed, and sods or straw are the- 
Ima^terials used, and, for the sake of economy, the nearest J 
Available material should be chosen. Branchy stems of Scots| 
bine, juniper-bushes, heather, broom, reeds or rushes' fornj^j 
luseful material, and sodf are cut from grass or heather land).! 
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p, Maulers. The covering is chiefly employed for the most 
^endangered places, such as ridges, the windward side of hills, 
depressions and roads ; other places may bo readily stocked 
with forest growth, provided fresh sand is not blown on to 
them. 

The covering should then be applied from W. or S.W. to E. 
or N.E., the ground being either entirely or partially covered. 
Roads are generally covered completely, but, in other cases, 
partial covering is adopted on account of the high cost of 
complete covering. The looser the sand the more complete 



Fig. 288 . 


should be the covering, and it is always more prudent to do too '! 
puch than too little in this respect. " j 

| Branches are either placed on the surface of the ground, or l 
Stuck into the sand, with the bushy end inclined away from 1 
ihe wind, the rows partially covering one another, but their \ 
hse is not recommended on account of the difficulty in stocking ; 
an area which has been completely covered with branches, :] 
y^hilst if they are isolated, they are liable to be blown away, i 
JJ' Heather sods can be used only on level ground in pieces,! 
p to 2J feet long, and should be tossed equably over the areaf 
of hajpforks, after it has been sown up with ScotjfJ 




pie seed. * In the Osnaburg heath, about twelve waggfln-loadtv; 
With two horses, of heather per acre, an* required, and the cost 
Is £1 12#. per acre. Sowings thus carried out will generally 
jprovo successful if tlie spring be moderately wet. 

I HoJh are always laid with ibe eartby sideMownwards, and 
should be firmly pressed down. 

The diagrams on the previous page show bow the. sods may be 
arranged. Where a sod is laid in Ihe. middle of each patch, it 
should be larger than the others, and that form of sodding is 
preferable, as the loose sand within the patches cannot get out. 
The lines of sods should he at right angles to the direction of 
the prevailing wind. The work of sodding should he done 
Huring autumn, after the sand 1ms been well soaked by rain, or 
in the spring, and the ground should he at once sown or planted. 

In Germany, partial sodding of the ground costs from IT to £d 
am acre, with daily labour at U*. I0</. Covering with branches 
takes about forty or* fifty cartloads per acre, and costs somewhat 
less than sodding. 

4 . Stockimj the Ana. 

Fixing the sand should be followed by stocking the area, 
Unless the two operations have been done simultaneously, or 
the stocking precede the covering, as is the case when branches 
or heather are used. 

The most suitable species are. Scots or mountain pines. 
These species are very hardy, and yield plenty of humus, 
The mountain pine, owing to its creeping habit, covers the 
ground admirably. Among exotics in West Prussia, Pinm 
fhjhky Mill., ami i\ lhtnhitina, Lb, either pure or mixec 
fyrith Weymouth pine, have given excellent results. 

| Of broadleaved trees, the robinia, owing to its faculty o: 
producing suckers rapidly, fixes the sand, and has prove< 
successful in Hungary. For damp places, poplars and willow* 
should he used, the Canadian, white and black poplars boin| 
most usual. Salir umuu itt , L., the Caspian willow (S. aettfi 
ft&ia, Willd.), >S\ LmtjifoHit , Host., or »S'. anernt , L., may als* 
|)e planted, the latter rapidly covering the soil with its creeping 
lateral branches, and it easily grows through any sand whid 
W‘ be blown over it. 






tii Softtii ItiiBsia, wear Odessa, AUanthm tjhmdnKm, i>esf.» tM 
used on sand-dunes, and also in the smith of Franco* This’ 
very accommodating species grows rapidly and sends out 
numerous suckers, and thrives on the hot southern slopes of 
the Kiwalik Hills in India, as well as in smoky London. The 
cluster pine may also he used, as in (iascony, hut it is not very 
frost-hardy. Bowing is still employed in restocking hare, sandy 
tracts fn France, 15 to ‘JO Ihs. of seed being used pm 1 acre; 
hut in German} . 0 to 4-year-old transplants with halls of earth 
are now planted in rows at right angles to the prevailing wind. 
The plants are put in deeply t<> prevent exposure of the roots, 
and because the\ sutler in summer from the heating of the 


sand. Boots pines do not sutler at all from this deep planting. 
In order to get the urea stocked as soon as possible, intervals 
of only iU to >S feel uie left between the rows, and the plants 
are 1 to U feet apart in the rows. In Jlannover, they are 
planted with u heavy planting iron, termed Jluttlar’s iron/ 
and a mixture of j; peat with i i per cold. nnsluked lime and J 
sandhis used to fill the holes round the roots. The peat is 
hygroscopic and retains moisture near the plants’ roots. 

Kobinias, poplars and willows are pul in as cuttings in little 
clumps, or in furrows. Sometimes the ground ih cultivated 
before the cuttings are put in, and Scots pine seed sown in the 
depressions. Hubert recommends that grass seed should be : 
strewn over the plantations. In Austria, hrrusulom artichokes 
(Htliuntliiis tuberoxuti) aie fruptenily planted to shelter the 
i woody plants against heal and cold. * * 

r>, In ease the sandy tract is so extensive that it cannot he con- 
veniently planted up in one year, a plan of operations extending 
over a series of years should he drawn up. A commencement 
should then he made oh the windy side of the area, and the 
cultivation carried on in strips under shelter of the first year’s 
work. In the Landes of Gascony, shelter-fences are erected 
to the leeward of each year's strip to protect the plants from 
f sand blown back by* lu^d breezes. Whenever the work j$ 
thus gradually done, great care must he taken to fill np #Jf 
L gaps in the, areas to windward before commencing the work 
l beyond it. 

Mde SdbliebV* Manual (A Forestry,” V«L U., p- 



. At Lingen, in Hannover, work has been carried out gradually! 
since 1818, when there were 3,327 acres to be slocked , of which 
75 per cent, was shifting sand, and the balance cultivated land. 
Between 1818 and 1H3‘2, 2/271) acres had been planted success- 
fully, and the balance of 1,018 acres was fairly well stocked by 
18117, the total cost, up to 183*2, being ill 18*. an acre. 

■ Forests bn shilling sand must he managed most carefully. 
Pines are regenerated under the Selection or Strip sfttems, 
and broad leaved species by coppice. No pasture or removal 
of litter can bo allowed. 

An interesting account of the planting of shifting sands 
near Dresden, in Saxony, written in 1804 by Mr. A. M. lieutlier, 
Conservator of Forests, India, is here appended. 

“A considerable area situated within the Dresden Forest 
Circle lias for many \eai\s been loused by the Military 
Department with the object of providing parade-grounds for 
the cavalry and infantry regiments stationed there. In 1807, 
it was decided to extembtho parade-grounds, for which purpose 
a further area of 1 (X) hectares was included in the lease; ‘and, 
in order to obviate payment of compensation, the Military 
Department allowed llu: tree-stumps to be extracted, and the 
litter to be removed from this area after the forest on it had 


been clear- felled. 

- “ The surface configuration of this area is undulating, and the 
soil consists mostly td pure sand, containing here and there an 
admixture of clay, up to 18 or H) per cent. Very soon after 
J016 complete exposure of the soil, the sandy surface began to 
‘grow unstable, and already in 1870 the shifting sand, moved 
by the wind, covered not only the adjacent cavalry parade- 


ground, but also blocked the more distant lvonigsbnieker 
iQbaussee to such an extent us to interrupt all traffic on it. In 
& next few years the evil assumed epeb large proportions 
|tbat it was found absolutely necessary to reafforest the area 
jj&itk the least possible delay. 

4i Operations were commenced in 1^<4 % covering the whole 
^ea with a network of wattled fencing. Strong stakes, 3 to 
t inches in diameter, we rod riven into the ground 2 feet apart, 
|f 'tows 1 chain apart running south to north, and interwoven 
|itk branches of Scots pine* the wattled fencing thua^^M 



feeing iff feet mgn. At ngnt angles to these lines of. fencings 
similar fences were made, about 50 yards apart, and 2 feet high,,!! 
Toward# the west, where the general surface elevation is higher 
and exposed mounds and ridges exist, the fences were placed ; 
closer together than on the more sheltered east side, so that 
the average area of each rectangle enclosed by the fences was 
about 1 rood on the west, and about ‘J! roods on the east side* 
The shifting of the sand was thus greatly reduced, and restricted 
within the enclosures: and already in 1875 it became possible 
to begin planting. In that year birch and alder were planted 
in rows along the fence* \tm the sheltered side), the planting 
holes being tilled with good soil brought from a distance ; and 
in the following year planting up of the interior of each 
rectangle was begun with Scots pint? plants 1 to 2 years old,, 
which were put out in squares with the aid of Buttlar’s planfc*| 
ing tool, ;l.200 plants being used per acre, and each plant ' 
supplied with a handful of good humus soil. The compost 
was prepared in autumn, and left lying in heaps during the 
winter, and conveyed to the site of the plantation just before 
the planting season in spring. \ 

“ The results are quite satisfactory in so far as the ground in 
now fully stocked, and the surface soil completely consolidated. 
But owing to the dryness and poverty of the soil, tho growth 
of the plants is in many places very miserable, many of th&: 
Scots pines being only 1 yard high, though already 15 to 18; 
year# old. The average height is, however, about Hi feet, and 
for the most, part the plants have closed overhead. The entire ’ 
area has been most carefully protected ; cattle have beeip 
strictly excluded, and grass cutting disallowed, and all un- 
authorised persons have been prohibited from walking across 
it* These precautions were absolutely necessary to prevent ' 
disturbance of the unstable surface soil, and to give the plants! 
ft chance of establishing themselves. 

; * u The cost of the cultural operations w as 18*. per acre. The 
wattled fencing was constructed by a local battalion of Pioneers, ! 
j$nd therefore involved no direct outlay ; had the work beefed 
Mone by paid labourers, the cost would have been about 2}d£jJ 
j>er running yard of fencing.** m 
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PROTECTION AGAINST FOREST FIRES.* 

Forkst fires are nearly always caused by human agency, 
eric rally owing to carelessness, but are sometimes intentional ; 
vhoy are also occasionally due lo lightning. 

U is intended to treat the subject according to these causes, 
taken in order. 


Mkc'iion l. -Koukst Finns cavskd hy Human iVukncy. 

1 . CantcH, 

The following acts, omissions, or occupations may cause 
forest fires:— 

Kindling a fire without permission in a forest, or by the 
side of a forest road, in order to warm themselves or to cook 
their food* by travellers, or men engaged in felling trees, road- 
making, etc. 

Leaving a fire, which has been lighted by permission of the ; 
forest mauttger, without completely extinguishing it. 

Carelessness of charcoal-burners whilst burning their kiln, 
m extracting charcoal from it. 

Burning branches or weeds whilst cultivating crops on 
forest-land or on fields adjoining forests, also burning moor -, 1 
Leather-, or grass-land. 

• Burning hark to destroy beetles, etc. 

/ Night-fires by poachers after fish or game; burning out 
wild bees. The collection of wild honey ami wax is common in * 
•East Prussia and in Russia and India, and frequently gives ! 
rise to forest fires. 

' Shooting in forests with rag or paper wads. 

' *,Gmiingv “ Kim in, the tJRebcrgcr fUide,” “ F rati. HlUr.y 1880. p. 24J^| 
Not©) on Indhui ttylvicuHare” (2nd edition), 185)3. This! book gitr® 
jjwjwy detailed awuat of the Matsons) for combating forest 
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f*’ Smoking in forests; throwing down burning cigar- ends Ot j 
matches. ^ 

Carrying on dangerous industries in or near forests, Hueh as : 
the manufacture of pitch or turpentine, and also iron-smelting ; 
furnaces, or foundries. 

* Sparks from locomotive engines, especially when burning 
turf or lignite, and unprovided with spark-extinguishing 
apparatus 

intentional tiring of forests for selfish motives, as when 
shepherds or farmers burn extensive forest areas to obtain 
fresh gnms for their flock* and herds, for it grows up luxu- 
riantly after a forest tire. ! 

Motive* of revenge, or superstition, as in India, where a. 
deodar forest was burned to pmpitiule the goddess of smalb.pox. - 

Jt follows from a eon*i Jemima of the numerou* eauses of ! 
| forest iiro' ! that, the forester must be wide awake, to prevent such 
v calamities. Private resources are lien.* quite insufficient, and" 

; the State must assist by framing suitable laws, and by in- 
structing officials to he active in enforcing them. 

*2. Kinds of Fort At Fires. 

1 i'orest files may he in the ground, in the soil-covering, or in 
the crowns or stems of the trees. 

; it. fit tmtul-fh'vs. 

These occur in peat, lignite, or coal ; they proceed slowly 
unb^H they come to the surface, when they partake of the 
character of tires in the soil-covering. (Jrouml-li res rarely occur 
in forests. 

h. Stn face fires. 

These are the commonest and most important tires the 
forester has to contend against, burning the, dead leaves, 
heather, grass, ami other soil-covering of a forest. 

' r. Fim it i the (V'ww of Forest Trees. 

These are less frequent in Central J^urope, though co tumor! 
in Nort^ America and not unfrequent in India. They* 
generally arise from surface-fires, which spread to the crowns; 



b! the trees. A dense coating of lichens on the trees incre&sei 
the danger of the occurrence of crown-fires. 

<1. Fin's in Slews. 

Green trees seldom catch lire even from lightning,* and 
when a whole stem is burned, there is generally some decay 
present, and the trunk or branches of the tree are holing. 

‘-5. Jhtmatjv done, 
n. (iennitl Anomt. 

Forest tires do d'mrt damage by destroying whole woods, 
and especially young growth. Keproduotion may he stopped 
for the year by the destruction of blossom or fruit, while, 
owing lit repeated tires, broadleaved trees which are not killed 
become misshapen and weakly. Game may he killed in 
extensive tires. 1 5 v heath tires in JJ turnover many hives of 
bees are burned. 

Indim't damage consists in the burning of the dead leaves 
or needles on the ground, which prevents the accumulation of 
humus and the improvement of the soil, and renders it poor, 
hard and unsuitable for reproduction. Henry states f“ liev. <L 
E. et V dune 1st, 1002) that liigli forest produces the following 
quantity of dead leaves in 0 years per acre 

Beech 10,500 lbs. 

Spruce 18,500 „ 

Scots pine .... 18,000 „ 

( ’(jppiee-witli-standards . . 4,000 „ 

There is about If lbs. of nitrogen jp 100 lbs. of dead leave* 
worth about. Id. a pound. The value of th; nitrogen destroyed " 
In the dead leaves is 14*. per acre for coppice- with-standardsy, 
add three to four times as much for high forest. 

A proper sequerTce of age-classes may he interrupted* The 
annual burning of the soil-covering on hilUides*iiwy cause; ; 

' ; . . • -/if 

.■ * Voa Tnbetif. in ISjrj, observed that lightning had M.:t fire to a growing; 
ppruce tree, and flu* fire spread h* ncisjhbomhur 

!- tu Oie years 15*77 — there were ,W«i» fires in the Bavarian State forest*/' 
whirh as follows* a fmrt ground-furs; 4 lti (82 \#r rent.), surface 
(* (40 per rent,), wn hmed surface and crown-fires : 15 (it per eenfc), combine^ 
tirfaco and stem-fires ; fi (1 per cent.), stem-fires. 
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,, soil-denudation when it is followed by heavy rain ; this was 
the case in the Siwalik hill-ran^o, extending over lift y miles 
between the rivers Ganges and Jumna, and its protection from 
tire was demanded in 1SB2 by the Indian Irrigation Department 
; to prevent their canals from silting up. Some American forests 
} are so seriously injured by fire, that rainwater passes over the 
J soil, a* over a roof. Observations have shown that up to IK) 
per cent, of the rainfall runs over the surface of burned forests 
1 and fills the watercourses with silt anct other debris. 

• ' There is an increased tendency to breakage and to damage 
by insects, also to growth of weeds and consequent increased 
cost of sowing and planting. Fires are extremely injurious in 
forests on shifting sands. 

After lire* in Scots pine woods, the following inst-ds may 
become extremely abundant and destructive: Mi/rJophilun 
pimpmlft , L, in England and Germany, in Germany only, 
PisHntlm fiotutua, Fabr., Twit ten* hub'iw, Fabr., T. Lands, 
Fabr., Ilulastrs palhiilns, Gylh, and ll>flitr>iux llrtg., 
Mi/i'Iophilux minor, llrtg., etc. 


b. Ann,// m if to S/ira) s. 

In Centia! Euro]>o, conifer* suffer much more than broad- 
leaved species from lire, owing to their resinous nature, and to 
the inilammable evergreen needles, which favour the spread 
of the fires. The Scots pine and the Austrian pine are the 
most exposed to danger. Other pines, such as Weymouth 
pine, are grown only to a limited extent, or, as in the ease of 
Cemlmui and Mountain pine, they grow on high mountains, 
where iires are less dangerous. The greater danger the Scots 
pine experiences from fire is due to the early drying up of its 
lower branches and to the dry nature of the soil-covering, 
owing to the imperfect leaf-canopy of this tree and to the 
nature of the localities (heather lands) on which extensive pine 
^forests occur. In France, the forests of maritine and Aleppo 
%pnes are specially liable to fires. 

> After pines, come in point of danger, first, the spruce, then 
|silver-fir, and lastly, larch, owing to its being a deciduous 
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Pi mis rit/ida , Mill., in the Cotton forest near Bonn, nifj 
March, 1B9»3, produced shoots from dormant huds, after a fire, : ‘ 
hut not a complete crop. The plants, 7 -10 years old, were 
cut back, after the tire, and produced i) or 10 shoots each, - 
88 e.m. high. 

Amongst broadleaved species, rough-barked trees, such as - 
oak and elm, withstand tires bolter than smooth -barkejJ trees, 
such as the beech, ash or sycamore. 

Fires are evidently iftorc frequent and dangerous in High 
Forests than in coppices. 


<\ ,\ijv tif Tiers, 


Toting woods up to thirty years old are most exposed to tire, 
at tirstowing to the presence of weeds, later on, as the struggle 
for existence ib strongest, and there is usually mo*t dead wodd 
at this period. 

Well -stocked woods between 80—80 years of age withstand 
fires best of all, as middle-aged coniferous woods after the 
earlier thinnings contain least combustible material, such as 
dead woodf grass or heather undergrowth. 

Woods over 80 years of age, where grasses and other weeds 
spring up, again become more endangered. 

The following average figures, taken from a list of forestf 
fires in llanover between 1884—84, support the above con- ■ 
elusions. Out of 1,000 acres of forest, there were burned , 
annually during those twenty years;— 

. Ajjo. Acruk 

Broadleaved woods *170 


Coniferous woods 


■i: 


Mixed coniferous and broadleaved ( 
forest ^ 


1-30 yrs. 1*107 
80-80 0*282 
over 80 0*854 

. 0*464 


d. Loco I ill/. 

»/ Forests in plains, on account of the greater dryness of 
air, and frequently of the soil, sutler more than mountain -^4 
forests. On sunny aspects fires spread much more rapidly! 
than on cool northerly slopes. A dry sandy soil increases tbej 
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■danger. *Fire burns-more slowly down-bill than up-hill, and 
■the more so the steeper the slope und the stiller the air. As 
a slow lire is more easily regulated than a fast one, in jlmms, 
or cultivations on forest clearings where the branches and 
undergrowth are burned, it is better to burn down-bill. 

• t. Svil-( 1 nnriii!i. 

A tall growth, of heather, genista, broom, or grass, etc., 
increases the danger of fire, ami so does an undergrowth of 
juniper or of sundry conifers. A mossy covering is pre- 
judicial only in seasons of drought, and a covering of dead 
leaves or needles is usually a had combustible, .though lire in 
it may smoulder on for days. Whenever much branclnvood, 
refuse of fellings and dead fallen wood, lie on the ground, the 
danger is increased. 

Ah>ve ail, Seots pine woods on heathland with dry soil 
and soil -covering and combustible foliago arc most exposed tc 
forest fires. In a pine wood, where all the soil-covering luu 
been removed, a lire would find nothing to feed on. 

In badly stocked Indian forests, the grass infrequently 
6-— 8 feet in height, and in the open in Assam, the flowering 
stems of reeds may attain a height of 2 1 foci. The fierceness 
with which a lire passes through tall grass during the dr) 
season must he seen to he believed, the sparks and flames 
sometimes crossing rivers one hundred yards broad. 

The leaves of many of the Indian forest trees, such as the 
teak ( I'i'ctnria yramlit, L. liU and the Hal (Shoim robttuta, 
Gaertn.) fall in March and April during the dry season and 
when dead are very inflammable. 

/. Density (if tjivv'lh and Extent of Forest Area. 

" In so far as density of growth kills down heather, grass and 
Other inflammable undergrowth, and provided all dead wood is 
removed in the thinnings, a densely stocked wood is less liable 
to be ignited than a thin wood with inflammable undergrowth. 
Once, however, that a dense forest is ignited, and especially if 
Ihe fire is in the crowns of the trees, it can generally be ex* 
famished only by a fall of rain, or a sufficiently wide gap in 

t i 



tne woo, )e<i by a ~>ad, river, fieldi^f., or by purposely ' 
cotmter-fij *<, g or felling trees across its path. , 

If a forest is liable to be burned, it is better to subdivide it 
into small areas bv fairly numerous rides ami roads. 

//. Samn, 

Most iu’cs in Central Europe occur in dry springs from 
March to May when east winds prevail and the dry grass, 
lea , and weeds under the trees and the presence of numerous 
workmen in the woods increase the danger. 

The bOb tires in the .Bavarian State forests (p. 010), during 
the years 3H77 — HiK which extended over 1,100 acres, occurred 
in the following months: January, 1 ; February, 4 ; March, 
11H; April, 111 ; May, 110; June, 01: July, -hi; August, 20; 
September, 1‘2; October, 2; November, 0; December, 1.' 
Thus 7)1 per cent, of th^ lire* occurred in March, April and 
May, and only 27 per cent, in the lemaining months. Similar 
results follow from statistics in Hesse. 

Forest-fires also occur in hot and windy summers, as in the 
years IBb^nd ISM, "Winter tires may occur on southerly 
aspects with dry grass. Two hundred and fifty acres of forest ' 
was thus burned at Oborammergau on the 1 1th January, 1808. 

In the case of some tires, it lias been remarked that they ' 
generally fall oil in violence during the night, but recover 
force again after sunrise, this being due to the daily variation 
in the strength of the wind, and sometimes to the nightly dew, V 
which may extinguish a fire. 

In tropical and semi-tropical countries forest-tires occur „ 
during the dry or hot seasons, aud are very rare during the 
more or less prolonged summer monsoon. Thus in the North* / 
West Himalayan coniferous forests, there may be fires in 
.November and December, until snow has fallen, and then , v 
again from April till the monsoon breaks early in July, after 
the melting of the snow. 

In the extensive Sul forests at the foot of the Himalaya 
* mountains, extending from the Jumna river to the Borelli 
r river in Assam, there is danger from fire from February till 
July, and this danger is increased, by the fall of the dead Sal 
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E ls the danger from fire in probably greatest in May and 
} whilst in the eastern parts in Bengal and Assam, 
e spring rains occur, the forests an' fairly sift* from 
fife in May, owing to the growth of fresh grass, which in 
incombustible. 

1 . Ri'ifixti'r <>/ Fir>x, 

Foifst fires are of frequent occurrence in the heath lands 
of Berkshire, Surrey and Hampshire. They are not unfre- 
quent in Germany in spit* 1 uf the. great care taken to prevent 
;^om, but their extent and frequency are inconsiderable w licit 
compared with Austria, the South of l' 1 ranee, Sweden, Norway, 
Bussift, Greece. India and North America. In this last 
country, forest tires frequently extend over hundreds of square 
miles of fores!, and little or no trouble is taken to extinguish 
or prevent them. Th most disastrous forest tires which 
have occurred in Germany during the present century are 
given below ; 

lHftO, Ith to k 21st August, r>,<;75 acres in the Black Forest 
near t be Kalzenkopf in Wurlteinbcrg. 

lHfid, *2Hilt to doth August, d.dOO acres neir Komgshruch in 
W. Prussia. 

1£80, 1st to did May, d,250 acres on tin* Lunehurg heath. 
v In the Brussian State foiesK during the interval 18112 — 
1808, the following damage by tires was done : — 
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It may be stated that, in Germany, on the average, out of 
2,500 acres of forest half an acre is burned annually, or 0*02 per 
■cent, of the forest area. 

-In Austria, in 1881—85, there were 1,717 fives over 10,378 



, In France, between 1865 and 1870, about 25,000 aci£s;bf| 
cluster-pine forest was burned in Gascony, and a large area| 
was burned in 1893, including 1 ,200 acres near Arcachon iij| 
the forest de la Teste. There was also a large conflagration^ 
in these forests in 1898, extending over 63 miles, and causing^ 
damage valued at £80,000. The worst districts in France, M 
however, for forest {ires are the Departements of the ^fames', 
and Esierel, north of Marseilles, where large areas of forest,-’ 
chiefly consisting of Qttemis Ilex, L. and Pinn* ]Iakpensiii t '\ 
Mill, are burned every year, and a special law* has been 1 
enacted for their protection from fire. 

Extensive forest fires occur every year in Russia. In Canada," 
in 1868, it was estimated that 400,000,000 dollars worth of 
standing timber was destroyed by lire. One of these fires 
extended 160 miles in ten hours. 

The forest fires in September, 1881, and again in 1894 in 
the States Minnesota, Wisconsin and Michigan of the United 
States of North America were of enormous extent, hundreds 
of human beings being burned with their bouses and cattle. 
Statistics -ire wanting to give some idea of the enormous, 
annual destruction of forests in N. America by fire, and 
especially of the Southern pine (Pinus pahistm , Mill.) which, 
yields the best coniferous timber known in the whole world.* 

Protection from fire of the State forests in British India has 
been seriously undertaken during the last forty years, an$4 
measures with this object in view are carried out on a largej 
scale and at considerable cost to the State. Thus, in 1899-~| 
1904, measures were taken to protect from fire 35,236 squares 
miles of State forest, the failures in this area amounting to": 
8 per cent. The cost of protection in 1891—92, averaged 1$| 
; rupees a square mile, or at Is. 2d, per rupee 11s. 8d., being aifc 
| Tow as 2s. 4d. in the Bombay Presidency. Besides the abovi| 
?, there are 66,196 square miles of State forest, in which eithel 
;the forest is of such a character as to demand no special 
l protective measures against fire, or its protection has not 
been undertaken. This takes no account of protection againsf 
fire in Hie forests of Native States, some of which, agf 
^admirably managed. 

|gg; V( A Primer of Fwwtoy, Gifford PSactot, ^ 
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5. Protective Measures. 

|h? rora what ban been already said, it is clear that for Central 
Europe, protective measures against fire have chiefly to be 
earned out in coniferous forests. The following rules will 
serve for private forests 

(a) Mixture of broadleured species in coniferous forests , 
eitlieHby single trees, groups, or in whole compartments, or as 
protective belts round the coniferous woods. Such protection 
is socially needed along the borders and roads through Scots 
pine forests. 

Birch, oak, beech, black poplar, and robinia are suitable 
species, and the belts should be 25 to 35 feet broad, and may 
be either High Forest or Coppice. Such belts are largely used 
in the Landes of Gascony to protect the cluster pine from fire, 
and should he kept free from heather, ferns, dead leaves, and 
underwood, which are readily sold for litter. In the Tucheler 
Heido, ditches 2—3 metres broad are dug round endangered 
woods, and the spoil heaps formed into a mound inside the 
ditch. 4 These mounds are planted with birch one metre apart, 
and have proved efficient. A similar plan is adopted in the 
■gaudy parts of Windsor forest. 

Except in coniferous mountain forests, belts of broadleaved 
: trees are practically useless in most parts of India, as trees 
that retain their foliage during the dangerous months wiU 
, grow well only in moist places. In Assam, however, belts of 
evergreen forest growing in low ground on either side of 
watercourses frequently act as protective bolts to the drier 
deciduous tfn! forest on either side of them. 

Ik Fire- Traces, 

Wherever forests are surrounded by inflammable under- 
growth such as heather, grass, etc., fire-traces of sufficient 
breadth should be made along their boundaries, and internal 
fire-traces are also required for all extensive inflammable forest 
areas, to limit the extent of the damage done, in case a fire 
fbould cross the boundary, or break out within it. The 
number of internal fire*traces required for a forest must be 
loft to local experience, but the forest manager should rememb® 



that a considerable area of forest is rendered 
when the length or breadth of tho internal fire-tracos are 
.excessive, and that the cost of protection is thus greatly 
enhanced, so that he will limit the number and breadth of the 
fire-traces to the minima compatible with efficiency. 

Fire-traces in Europe are broadest for coniferous forest, but 
rarely exceed 100 feet in breadth, while in India they are 
sometimes 400 feet broad. 

Whenever the soil-covering on the traces can be utilised for 
thatching material, litter or fodder, it should be cut and removed. 
This may often be done by concessioners at no cost to the owner 
of the forest, or even on payment to him of a certain sum. It 
frequently happens, however, that the soil-covering has no 
local value, and must then he carefully burned to avoid the 
greater expense of cutting it. * 

Before burning fire-traces, the soil-covering is usually cut 
on f}it*(k’Uiw on either side of the trace, their breadth being 
about three feet more than the height of the covering. For 
greater snfoty, cross lines as broad as the guide-line are some- 
times cut at intervals across the trace itself, so as to divide it 
into segments, each of which may be burned separately. 

The guide-lines should he cut some time before the lire-trace 
is to be burned, and the cut material thrown on the trace, 
where it will dry, and facilitate the burning. A broad short 
scythe or a sickle may be used to cut the grass, heather, etc., 
from the guidelines. . 

In burning the traces, it is a golden rule to remember that 
grass and heather in the open become dry sooner than under 
cover of the forest, so that border fire-traces may be burned 
before the internal ones. In firing a trace, a still afternoon! 
should be chosen and men placed on either side of it, two of 
whom fire the edges of the traces up to a cross line, if one haft 
been cleared, or if not, to a sufficient distance for the other! 
men to be able to beat out the return fire which runs along' 
the ground in the stubble towards the forest. The other men, 
.armed with evergreen boughs, which they can use to protect; 
their faces from the heat of the fire, keep back on the guide-? 
lines, 'or even in the forest beyond them, until they see the| 
return fire approaching too near the edge of ' the forest, when; 
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WM h toward and beat it out, leaving tna names irom$ 
mm m$ v side to meet in the trace, arid burn alf the standing" 
■Kor lie fer within it. . 

^Khould he noted that however still the air may be, before ' 
firing a trace has commenced, the ascent of hoi air duo to the 
fire will draw in colder air from all sides to fill up the vacuum 
thus produced, and if the wind he blowing in the faces of the 
men on ore side of a fire-trace, lighting in the middle of the 
trace, as f , as along its sides, will draw in the tlame away 
from the men on the clangorous side, in spile, of the wind, and 
will thus greatly facilitate their work. 

On hill-sides, fire-traces should run along ridges, and they, 
may be made zigzag when the bill-sides are steep, and are 
burned downhill. In forests where numerous fire- traces are 
cleared annually, it is often advisable to mark off the limits of 
the guide-lines by a simple trench of the breadth and depth 
of a plantation hoe. 

Where the soil-covering is very dense and tall, it is belter 
to burn the traces twice, at first before they are completely 
dry, and ag" in whenever dead leaves fall on the traces after 
the grass has been burned ; dead leaves should he sw-eptaway 
or burned, in order to render the trace impassable by fire. 
This leaf-burning is, however, a simple operation which may 
be carried out by three or four men, whilst the first burning 
in dense tall grass may require 20 men, or more. 

, If by accident, during the burning of a fire-trace, the fire 
should get into the forest on either side of it, the further 
burning of the trace must he suspended until the fire in the 
forest has been extinguished ; to do this it must be attacked 
on both sides by the gang of men and driven into the shape of 
a wedge. 

One or two trustworthy men should follow the firing gang 
on either side of the trace, and should carefully extinguish all 
'smouldering embers on the guide-lines, and throw all burning 
twigs and pieces of wood from the latter on to the middle of 
Hhe trace, so that there may be no possibility of the forest /, 
"Catching fire from the very means which are taken to protect il^ 
l Very full details as regards the practice of burning fire*‘| 
graces are given in Fernandez’ Indian Sylviculture, and needj 



pot be repeated here/ as In Europe the work of burning fire-? 
flines is much simpler than in hot countries. ? 


Walrhintf th Fornix, 


During the dry season, after all the fire-traces have been . 



Fig. 289.— Russian wateh tower for fire-guard, 

Outbreak" of fire may at once lie detected. 


cleared, and until? 
sufficient raig has ; 
fallen to render the 
forest safe from fire, 
it is often necessary 
to appoint special 
patrols to watch the 
forest, in addition to 
the ordinary protec- 
tive establishment. 
These men warn all 
passengers along 
the roads of the 
danger from fire, 
sweep off or bum 
dead leaves on the 
tire-traces, relieve 
one another in 
night - watching, 
and instantly report , 
all cases of fire to? 
the forester and" 
forest guards, when, 
organised measures;; 
can be taken to e& 
tinguish it. In 
some cases, seats; 
are made for th# 
fire - watchers in 
trees, with ladders 
for ascending them| 
in order that any 5 
In Russia, special 


gatch-towers are erected (Fig* 289). 




misamjrks; 


d, Trmtrn round real veposi 

Wherever peat occurs in the forest soil, deep trenches should 
he dug round the peat deposits to isolate them from possible 
forest fires, 

e, Conduit of Thinning*, 

Early ami careful thinnings should he made in young 
coniferous woods, and all dead branches should ho pruned off 
and removed. The least that should he done is to clear the 
boundaries of all compartments of dead wood to a breadth of 
BO to 45 feet. 

/. Mom/ Rttihnnj- Lines. ■ 

Fire-traces must be kept clear of woody growth, and of dead 
leaves, heather, and other inflammable material along all 
railway lines passing through forests. Most forest fires due 
to sparks from locomotives break out within BO feet of a railway 
line, but to render the tire-traces quite effective, they should 
he 60 feet broad. The French law regarding forest-fires in 
the Maures and Esterel, makes such tire-traces compulsory 
along all railway- lines running through the forests of those 
])qnirU'wvt*. 

A short act, for the United Kingdom, named the Kailway 
Fires Act, became law on the 4th August, 1005, making railway 
companies liable for damage done to crops, to the extent of 
4-100. This limit to the value of the damage does not meet 
the necessities of the case, as regards extensive woods on dry 
sandy soil. 

//. Road* and Rule* in the Forest , *>; 

The network of forest-roads and rides may afford consider- 
able assistance against fires. In order to protect the forest on 
either side of roads from any risk of fire from sparks from 
pipes, etc., of travellers, or cartmen, all inflammable under- 
growth and dead leaves should he cleared from the roads, and 
from a strip 10 to 15 feet broad on either side of them. 

Borne of the rides may be cleared as fire-traces, and wherti 
!ihe prevalent winds are from the west, it is letter that rides 
cleared as fire-traces should be*at an angle of about 7$ 



agrees to tne wind direction, as it is easier to burn tfienj, and' 
they afford a broader barrier to a fire coming from the west,” 
than if they were simply at right angles to the direction of 
the wind. 

•’ Besides roads and rides, watercourses often form effective 
;fire-traces when the undergrowth is cleared away and burned 
Oft only one side of the watercourse at a time, but crossing 
the watercourse at its bends, so as to form a uniformly broad 
trace. 

h. Size of Workiiifi #7 lions. 

Where forest fires are to be feared, the working-sections 
should be comparatively small, so that there may not be 
extensive tracts of young woods, in which the danger from fire 
is greatest over large areas. 

i. f'leamw of Felling- Arm, 

The felling-areas should be rapidly cleared of all refuse, and 
the produce of the thinnings also removed quickly, especially 
,in the case of faggots from coniferous trees. 

When workmen sleep on the felling-areas, great care must 
be taken as regards smoking, and fires should be allowed only 
inside their huts, which should be surrounded by broad fire- 
traces, as the wind might otherwise blow sparks into the forest. 
In parts of Northern India, during the hot dry months of May 
and June, it lias been customary to suspend all timber works 
owing to the risk of lire from the woodmen and carters, hut 
these men can easily be taught to guard the forest from fire, 
and it is doubtful whether this restriction is necessary, 

j. Other M eastern of Proledm. 

f Regulations restricting fires and smoking in forests in dry 
Seasons, and also regarding the use of fire-arms, should be i 
made by the State. The most complete State*regulations 
regarding forest fires are those enacted in 1898 by the French 
Legislature. Somewhat similar rules are enforced in British ; 
India, except as regards railways, but they apply only to certain * 
State forests. The private forest-manager must Bee that atf | 
jitate regulations regarding forest fires are observed, and ahari|J 
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inafcrucUhe workmen engaged in occupations endangerTn^y^ 
forest, such as charcoal or lime burning, what protoji^;;^ 
measures they must adopt, and should see that his iusiy “ 
are followed. 

In the British Isles, in addition to the law regarding fires 
caused by locomotives already referred to (p. 051), there is 
a Sqptch law (13 Geo, III., cap. 54), making it illegal to 
burn muir or heath land in Scotland from ’11th April till 1st 
of November, under penalties of 4(k, and i‘10 for first, 
second and third offences, with alternative of imprisonment 
for six weeks, two or three months respectively. 

Daring the dangerous season, the forest guards must be 
constantly on the watch against tires, as well as the tire-patrols, 
if it has been found necessary to engage additional men. 
All contraventions of the State regulations regarding forest 
fires should be at once reported to the police, or to a, 
magistrate. 

In order to prevent intentional firing of a forest, no privileges 
to cut grass, or to graze, should he conceded on an area which 
has been burned. 

In India difficulties arise with sportsmen, when from fear 
of tires the forests art* closed to shooting during a season which 
would be otherwise open. Special permission is sometimes 
given by Government to forest officers to open the forest 
temporarily to shooting after a heavy shower of rain, during the 
dry season, or in order to shoot tigers, or other destructive 
beasts. The shelter afforded to game or noxious animals by 
high grass near villages may become a great nuisance to the 
villagers, and the forest officers should not carry the practice - 
of protection from lire too far in such cases, and it may even 
be advisable to burn off worthless tracts of scrub forest or 
; grassland for pasturage, so as to keep public opinion on the side 
1 of the forester. On the other hand, Indian State forest officers. 


have direct power to arrest offenders, and to call on all forest 
right-holders and workmen to assist in extinguishing a fire, 
iand in certain cases, privileges and rights to forest produce 
$nay be temporarily suspended by the Government, in cases of 
;;%ilful firing of a forest by villagers, or their refusing assistant 



once a fire has broken out. 
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\ '*A system of telephones in endangered forests is extreme!^ 
? useful, enabling the managers to mass men at points where 
fire has broken out. In the Count of Frankenberg’s forests, :j 
: at Tillowitz in Silesia, such a system exists, connecting the ‘ 
forest guards with the manager's office. 


G. Hales for Extinguishing Forest Fires . 
a. Hemal links 

If a fire should break out in a forest, the manager must call 
on all available labourers from the nearest villages, as well as” 
the forest workmen, to hurry to the site of the fire, and carry 
out the necessary measures for extinguishing it. The workmen 
should bring bill-hooks, hoes, iron-rakes, and axes, and provide 
themselves with saplings or branches to beat out the fire. The 
• chief object should be to limit the progress of the fire at the 
smallest possible sacrifice of still unburnt woods. This is best 
done by attacking the fire on both sides nearly parallel to the 
direction of the wind, and gradually beating it out in the shape 
of a wedge. The burned area must be abandoned to thetlames. 
The result depends on the presence of mind, courage, energy, 
decision of character and practical directions of the head 
forester present, and on the obedience, zeal and skill of the men. 
The chief forester present must be thoroughly acquainted with 
the locality, as it may be necessary to sacrifice an area of 
unburned forest by counterfiring. In order to detect at once , 
any fires arising from sparks which may cross fire-traces, men,' 
must be posted at all threatened points around the actual fire. 4 ; 
As it may take several days to extinguish an extensive forest 
ire, arrangements may be required to work the available labour 1 
|orce by relays, and to supply the men at work with food and 
drink. 

[: In countries like India, where forest fires are common,' 
Wherever the villagers willingly come forward to help in extm* j 
guishing fires, concessions may be made to them of deaii 
firewood or thatching grass, and in case of the fire burning! 
the houses of a village, situated near the forest, the manage® 
Should be ready to help with building and thatching material*! 
gather free or at cheap rates* 



rtVUWAMi « «wys ; v 

‘ fn sncb localities more than halt the battle against forest j 
fires is won, when the protection of the forest from fire meets 
with sympathy from the neighbouring villagers. 

In France and Germany, it is usual to call out tbo soldiers 
of a regiment quartered near the forest to assist iu extinguish- 
ing extensive forest fires. 

The cost of extinguishing fires varies between 20 and 50 per 
eent. # of the damage clone ; in Saxony, 1889-98, it was 28 per 
cent. 

h, Fins. 

The burning area must be isolated by digging trenches, 
which must he deep enough to prevent the lire from finding 
its way below them. W ater should he poured on the burning 
turf, or soil from the trenches heaped on to it. 


r. Surface Fires. 

The fito should bo boaUm out with green branches as 
already explained. Wherever there is a dense undergrowth, 



Fig, 2SO.— Kale uskI m protection against lire, 


as in the case of heather, it is better to beat down the fire 
vertically, but where the soil-covering is low, the branches 
should be used backwards and forwards like brooms to sweep 
it out. 

At the Bpot where the fire commenced, workmen should 
dear away a strip of the soil-covering in order to isolate the 
fire* Iron rakes, Fig. 290, of a special kind can be used for 
this purpose with advantage, and unburned litter may thus be 
drawn by the teeth of the rakes towards the workmen, oi 
burning litter be pushed away by using the rake reversed. 
r 4 Freshly dug up earth may b$ thrown on the tire. 

^ A clearance, or fire-trace, may he made in front of the fir< 
(to atop its further progress* The distance of this from th< 
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fm: should be so chosen that the fire-trace may be completed' 
beivte the fire reaches it. In making this fire-trace, ail the 
soil-covering should be cut and removed, and if there is 
a trench may be dug, and the earth from it piled up tow£L< , 
the fire. 

It may be necessary to couuterfire from a road, stream, 
ride or tire-trace ; the soil-covering is then burned, and this 
fire directed so as to meet the advancing forest fire, when the 
two tiros meet and become extinguished for want of fuel. 
This is a very efficacious remedy, but demands great care, 
and can be carried out only when the air is ft * still, and 
the undergrowth not too high, or fire may ignite toe crowns 
of the trees; it will evidently he resorted to only in extreme 
cases. 

d Crown Fires. 

The wooded area must be interrupted by felling a strip of 
trees in front of the tire, which is best done along a road or 
ride. The smaller trees should be dragged away, if there is 
time to do. so, taller trees should be felled towards the fire tjpd 
their crowns lopped off, if possible. 

Counterfiring is of little use against crown-tires, but may be 
tried, if only young growth is burning. 

e. Stems on Fin. 

*. When a solitary hollow tree is burning, the hole may be 
stopped with sods or earth. If, however, the hollow extends 
; to the top of the tree or through one of its main branches, the 
tree must be felled, after clearing away the undergrowth and 
soil-covering all round it, and the tire should then be extin- 
i guished with water or soil. 

7. Watching the Site of the Fire . 

In order to guard against a fresh outbreak of a forest tire, 
its site should be carefully watched by trustworthy persona 
tmtil all further danger is over. In a coniferous forest, 
inhere the soil is deeply covered with dead needles, danger of 
'rekindling may be incurred for a week or more after the fiw 
Has been extinguished, unless rain falls. The manage* 
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Pooid^t completely round the burned area and see that it is 
properly isolated from the surrounding forest by clearings of 
phe soil-covering and trenches. All burning pieces of fallen 
? Wood on the site of the lire should be covered with earth, and 
wherever any fire reappears, it should be at once beaten out. 

8. Treatment of Woods Injured by Fire, 

The treatment of burned woods depends on their aye, the 
extent of the fire and the amount of injury done to the trees. 

Burned young eojvj^ons mood a should almost always bo dug 
qp and the area at once restocked. Occasionally young Scots 
pines may put out fresh needles and recover. 

‘ Older eoniferouz moods with uninjured crowns and with 
merely their bark singed may be left standing. If, however, 
the bast and sapwood should he serioiu'"' affected, it will be 
necessary to fell the trees, and especially if it is subsequently 
found that they have been attacked by beetles, as, for instance, 
Mydophilus pint perdu, L., which will breed in the summer in 
pine woods that have been burned in the spring, and pro- 
ceed in the autumn to thin out the crowns of all the trees 
around the site of the fire. Where this is to be feared, it is 
better to fell all trees that are apparently so weakened by the 
fire as to encourage the breeding of these destructive insects, , 
' should not, however, be vory ready to fell broatlkared 
/trees, as oak-woods, for instance, sometimes recover after 
fb^og burned, especially the dominating trees, but beech are 
/more susceptible to damage by fire. It is better in doubtful 
leases to await the next season of vegetation before deciding , 
ffyhat is to be done. Young broa^leaved woods may be cut 
0ack if seriously injured, but even this operation may be put 
off till the ensuing spring, as it may then prove unnecessary, 

|v ; More information is necessary as to whether it is advisable, 
in particular cases, to fell, cut back or leave trees that have 
been injured by fire. 

9, j|n mance against Forest Fires . 

y After several fruitless* attempts to found a society for 
lustring forests against fire, in 1895 the Munich Gladbacher 



Fire Insurance Company agreed to insure against dhmageby 
forest fires throughout Germany, and appointed a forest 
expert as manager of this branch of their business. 

The company insures standing crops of trees up to the age 
of 60 years, and felled timber as long as it is the property of 
the insurer. Damage in burned forests is assured at its cost* 
take whenever this exceeds its actual value. The premia 
vary according to the greater or less danger of particular, 
eropB from 45 pfennigs to 4 marks per 1,000 marks "of their 
insured value. ' For ordinary crops 1 — GO years old — 

Pure broadlcaved woods . . 0'85 marks. 

Mixed coniferous „ . . 1*20 „ 

Pure coniferous „ . 2*00 „ 

In Switzerland, insurance against fire has been effected 
(1006) at 10 per cent, of the endangered capital. 

In Belgium, insurance can be effected against forest fires at 
the following rates of premium per 1 ,000 francs value : - 
Broadleaved woods . . 60 centimes. 

Conifers under 20 years old . 6 francs. 

„ over „ „ . 5 francs. 


Section II.— Effects of Lightning on Trees.* 

Much has recently been written about lightning and its 
effects on trees, but the causes of thunder-storms are not yet 
clearly known. The action of lightning on .trees also requires 
further study. 

1. Mode of Striking. 

When lightning strikes a terrestrial object it is termed a 
u direct stroke" * 1 

It is termed hot when it sets fire to the object, it is otherwise ; 
cold. 

A hack-stroke occurs when the accumulated positive or 
negative electricity at the top of an object, such as a tree, 

!' * Klein, 4 * Das Gcwitter unddic dasndbe begleitenden Erecheintingen.''* Gfraa, 
1871. .. j, 

Baur, “ Her Blit* ala Waldverderber," “MonaUchrifc fur da* Knmt.' tTl 
1873, p. 07. * 

, Bippold “ Die Enstehung der Gewitter." Frankfurt*a,-M M 1837, 
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JifcrikCs (ftmrawards, the inducing electricity in the cloud 
'Wing struck in another direction, another tree for instance. 

\ One theory of the action of lightning, that of F. Colin, of 



291, — Elm tree struck by lightning, Cooper's Hill ground*, 27th Sept., ] $97. 


Ifereslau, is that wheri€ghtning strikes a tree the wet cambium- 
tone conducts the electrical discharge, and the contained 




water is suddenly converted into vapour. The expansion thus ; 
caused strips off the bark at the points of least resistance,^ 
and if the bark be smooth and thin, large pieces of it may be 
removed (Fig. 291). The wood may also be split from the top 
of the tree downwards, the lightning entering at the fine twigs 
on the top of the tree and running down the stem straight or 
spirally according to the direction of the fibres, 

2 . Dammjc done. 

<t. (r mm I Arrow) L 

The effects of lightning on a tree are very various ; if the 
tree he split, the bark is usually removed only in a narrow 
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Pig. 21*2.— Horizontal lightning-stroke along nbe on a Wol) tree. 
a Four motors nbovo the ground, b d A short dark line. 

atrip on either side of the tree, otherwise, occasionally in large 
Bakes. Even in the former case the tree generally dies, it ! 
may be after a few years. 

In other cases, pieces of wood are split off the stem, of all \ 
sizes up to several yards in length (Fig. 298). The lightning ; 
has even been known to enter a beech tree 100 years old, in 
JJessfy on the 11th July, 1886, horizontally and then strike^ 
down through its axis, as shown in Fig. 292. Sometimes hqg| 
arms of a tree, or its whole crown, havf been broken off b|| 
lightning. As a rule, the lightning runs down the tree mtgy 
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jhe ground, but in 3 per cent, of the cases observed it passed 
off to other trees before doing bo. 

Neither carbonisation nor tearing opon of colls have been 
observed on trees struck by lightning. 

The injured parts observed on the stem or main branches 
of a troo are never the first point attacked. The lightning 
almost always strikes the fine topmost twigs (the best con- 
ductors), and proceeds thence along the main boughs and 
stem. It then generally follows the direction of the fibres, 
the path of least resistance. • If the fibres are twisted, it 
follows a spiral path. The cambium, wood, and pith of a 
tree struck by lightning become discoloured, and often the 
topmost leaves turn brown, those below remaining green. 

Very little is known regarding the effect of lightning on the 
inner etiwturv and technical qnalitti nf timber. It is assumed 
that wood struck by lightning has its hardness and strength 
reduced. Wood and bark-beetles, wood-wasps and fungi, 
attack the tree, whiclf soon dies, it should therefore ho fellod 
and converted us soon as possible. 

When an unsound tree is struck by lightning it is some- 
times set on lire, and the lire may then spread to the 
surrounding forest. 

It has also been repeatedly observed in coniferous forests, 
that sometimes a whole group of trees may die from the 
effects of lightning, the marks of which may only be visible 
on one of the trees. This takes place some time after the 
occurrence, and Ifeaves an ugly gap in a fine wood. This haB 
been hitherto observed only in crops of Hcots pine, spruce, 
silver-fir and larch. It may Ihj the effect of backstroke, 
(p* 05B).- In such cases the dead trees should ho carefully* 
examined, as bark-beetles have been afterwards proved to have 
caused the death of the unstruck trees in certain cases. . 

The Boil may be the cause (p. 604), or small lightning 
strokes accompanying the principal stroke. Such a stroke is 
leaned aroupstroke. 


All species of 


b. According to Sjmes. 
are liable to be struck by lightning, bat 


jljmd other species with deep roots appear to be most 
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exposed to this danger, perhaps on account of tlieir ioote 
forming better conductors to the moist subsoil than 

shallow-rooted species. nnmmllv bv 

According to the valuable observations made annually y 

exceptionally. 


TuKKS StIU I'K IN 


Ijiprw- 1 i ktmoijO, 1 H7 1 — 1890. 



UriwlU’iiVTU trt' ,k "- 


Oaks 
Bethel i 
B irch 
Poplars 
Ash . 
Willows . 
Other trees 


Total 


Conifers. 


:U0 Scots pine . 

M Spruce 
10 Larch . ■ 

(i Austrian pine . 
4 Weymouth pine . 
2 Others 
H 

■ Total 


108 

89 

11 

1 

1 

5 


165 


The forest was stocked as follows : 

Oak ■ • 11 l :er cent * 

Beech • . 70 -> 

Spruce . • 7*> » " 

Scots pine • *> >• " 

100 


The danger therefore, considering the beech as 
a snruco, 87 for a Scots pine, and bO for m oak. ^ 
Other observations hy Collodon.t « mam >• 
rOaspary give somewhat different results. 


1, was 6 for 
Cohn, and 


♦ 


<• ZWlirft. fr. Vtsl. «. Jplw.;’*:9-188C- 

Alls'. Ktst. u. Jpmg." 18J5 ' I’- 14W - 
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>; Thus Hellraann, considering danger for the beech from 
lightning as 1, gives— 


Conifers . 

. 15 

Oaks .... 

. 51 

Other broadleaved trees 

. to 

Cohn— Oaks 

. • 14 » out of 10 trees 

9 Poplars . 

. 12 i struck. 

Caspary- Oaks . 

. 15 1 out of 93 1 roes 

Poplars . 

, 84 1 struck. 


C. Hess (1H9G) found that pyramidal poplar is often struck, 
and that in eight out- of the ten eases’ he observed lightning 
passed from the tree toa neighbouring building. Poplars should, 
therefore, not be too near to buildings. 

According to Collation, near the lake of Geneva, poplars- 
rarely suffer from lightning. 

In the " Kevue des Eaux et Forets,"* the results are given 
of 15 years’ experience in a forest composed as follows * 


Oak, lloivli. Spruce. Pun*. Ollitiw. 

Percentage of trees . .11 70 *13 (> 

Trees struck by lightning . 159 21 20 59 20 

Relative frequency . . 48 1 5 38 

This agrees generally with the results obtained in Dctmold. 

Similar observations were made in the Bavarian Slate 
forests, 18 k7— 1890. 




Ticca sti i:t*k. 


Pcu'cmng" of a rou <>mipicd 
by each <}>c(‘i<N, 

1 - ’ / . 

f dm pine . 

. 181 

BOB 

' Spruce .... 
Silver-fir . . . 

. 88 
. 67 

1 41-30 

) 

Oaks .... 

. 61 

1*82 

Soft woods (broadleaved) 

. 11 

2*11 . 

Larch .... 

. 7 

0 58 

Beech .... 

7 

10*79 

Total . 

- - - , 

. 372 

■ Total . H7:l>5 

W 


* February, 1894, p. 7S. 



In the Saxon State forests, in 1897, the first year tSat sucK 
observations were made, it was found that the danger for oak 
was six times that for conifers. 

On the whole, from these observations it is evident that 
local circumstances such as proximity of lakes, dampness of 
soil, density of growth, healthy or unhealthy condition of 
trees, affect the question whether one species will be more 
liable to attack than another in any particular locality. 

; Some experiments as regards the conductivity of electricity 
by wood have been recently made by Jonesco, of the Wurttem- 
berg Society of Natural Science. In these experiments Holz’s 
electric machine was used, 

1 turn passed the spark through oakwood, 

12 to 20 turns through beech, 

5 turns through poplars and willows. 

The use of heartwood or sapwood and state of dryness of 
th&wood made no difference in the results, hut the richness 
of beech in oil prevents its being a good conductor. 

Fischer (“Biologie der Holz Gewiichse” *) distinguishes 
between oilg trees mid starchy trees. In oily trees, the elaborated 
starch, during winter and spring, becomes converted into oil and 
passes into the pith, wood, and bark. Part of the starch in the 
bark also becomes converted into glucose. In the starchy 
trees, the reserve starch remains unaltored between autumn 
and May. 

The green wood of the oily trees (beech, walnut, birch, 
llimcifj: especially wood very rich in oil, is a bad conductor of 
; electricity. The starchy trees (oak, poplar, maples, ash, elm, 

* torbm) are good conductors. Conifers are intermediate, the 
pScots pine in summer being as poor in oil as the starch trees, 

' but rich in oil during winter. After the oil had been extracted 
from wood of fatty trees by moans of ether they became as 
good conductors as typical starchy trees. 

>4 Starchy trees are therefore more in danger from lightning than 
pity trees. 

c . Locality. 

% D&mp awls conduct electricity well, but in dry places when 
$he lightning has reached the ground, it may spread from 
p^?rittg8beim'« ‘•tertwch fur wisseaschaftliche Botanik,” ted xxil, P^4 
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froot to root of neighbouring trees and cause them to die in 
^groups. 

|; r It is probable that when sound well-conducting trees 
^growing on damp soil are struck the lightning passes 
\ rapidly down to the earth without causing much breakage, 
but that when rotten wood is met with, which is a bad 
conductor, the crown or branches may be broken, or even 
# the tree set on fire. 

The relative frequency with which trees are struck on 
different soils in Lippe-Detmold is given below 
Loam 
Sand 


Clay . 

Keuper marl 
Calcareous soil 
Flooded land 


m 

118 

84 

85 
28 

1 


This may explain the greater danger to trees from lightning 
in North Germany as compared with South Germany and 
Austria. It is also possible that loam and sand, producing 
most oaks and Scots pino, have high figures, while on 
calcareous soil the beech predominates. 

Trees are said to be more frequently struck by lightning in 
badly wooded plains than in well-wooded mountain districts. 
This is true for the bare middle Rhine valley and its adjoining 
wood-stocked hills. 

It is supposed that dense forests act as conductors jmd 
allow electricity to pass gradually from the earth to the 
clouds, whilst clearing the land of forests increases the heat 
pf summer and hinders the neutralisation of the electricity of 
the clouds, 


(f. 'Demty of Of op mvl f> audition of Trm. 

/ Lightning, according to Hess, strikes in preference trees 
standing free from their neighbours^ those in avenues and on 
the border of a wood and also trees dominating over the rest 
of a wood, 

|; Sound trees are more frequently injured than unsound 
trees, but, dry trees may be struck, and stag-headed oaks* 
Infrequently smashed to pieces by lightning. Thus, a 
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positively electrified cloud induces the separation of the 
electricity in a tree, driving the positive electricity into its 
roots and the earth, whilst the tree becomes charged with ; 
negative electricity. The strength of this charge becomes * 
weakened by gradual discharge into the atmosphere from the 
numerous twigs and leaves in the crown of a vigorous tree. 
On the contrary, a tree with many dry branches and scanty 
foliage becomes thoroughly charged with negative electricity, r 
and whom struck by lightning receives a more violent shock 
than a sound tree. 

c. Season. 

In Central and Western Europe the most frequent thunder- 
storms are in June and July, between 3 and 5 p.m. or 1 and 
2 a.m. These storms usually pass from S.W. to N.E. or 
from W. to E. 

In the case of heavy rain before the lightning-stroke, the 
troes become better conductors, and are more liable to be 
struck. 

The average rate at which thunder-storms travel in South 
Germany is given by C. Lang, the result of five years’ obser- 
vation, as 25J miles an hour, which agrees with French 
observations. In 1886, the greatest rate was 49 miles, the^ 
least (>.} miles, an hour. 

8. Bajistcr of Damage by Lightning. 

The frequency of thunder-storms in Central Europe decreases 
as the latitude increases and in proximity to the Atlantic 
Ocean, as the following average figures show 

Number of Thunder-storms 


Name of Country. . 

per annum 

My * . 

. * . 88 

Austria 

. . 23 

Hungary, Baden, JViirttemberg . 

. . 22 

Silesia, Bavaria, and Belgium . 

. . 21 

Holland 

. . 18 

Baxony and Brandenburg . 

. , 17 

France and South Bussia 

..16 

Spain and Portugal . 

. .. 15 
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Number of Thurufrr-sforins 

Nftme of Couni ry. per ami um . 

Schleswig-Holstein, Mecklenburg, Hannover, 


West Prussia .... 

. . 13 

North Russia .... 

. . 10 

[little Piussia .... 

. 9 

Sweden and Finland . 

. 8 

England and Swiss Alps . 

: . 7 

Norway 

. 4 


There lias been no increase in the last thirty years in tHe 
number of thunder-storms in Germany, Austria and Switzer- 
land, but in most other European countries their frequency 
has increased almost threefold, and this is considered to be 
due to increase of railways, metallic roofs and pipes for gas, 
water, etc., inside houses. The increased smoke from factories 
also favours thunder-storms. 

Some interesting facts regarding trees killed by lightning 
are given below. 

1848 (early in July): Fifty-two Scots pines about 125 
years old were killed by lightning at Sprillgehorgo, in 
Hannover, only one of them being directly struck. 

1865 (spring) : Seventy 60-year-old spruce trees, only one 
of which was struck, were killed by lightning in the Harz 
Mountains. 

1868 (11th May) : A green spruce tree struck and burned in 
Kothenwald, in Eeuss. 

1876 (17th July): After a long drought, a dried-up moor 
'stocked with a thicket of 11-year-old Scots Junes and' 
spruce was ffred by lightning at Aurich, near Neuenwalde. 

1887 (summer): Two lightning strokes about 70 feet 
apart killed all the trees on about one-fifth of an acre stocked 
With Scots pines and a few beech near Neustadt. 

1887 (15fch July): Seventy-two large spruce trees were 
vkilled by one stroke of lightning at Briickenberg. It was 
: dearly seen from marks on the branches that the lightning 
had passed from tree to tree. 

V 1891 (summer) : On a road in Ober HesBe lightning struck 
twelve Weoden posts (sprue* poles 8 feet high and 2 inches ill 
r diameter) that were supporting plants of sycamore and oak 





planted along 100 metres of roadway. No injury was done ^ 
the living plants, but all the supports were struck and split,J 
the lightning passing through the ground from one post to ~ 
the other. 

1895 (10th June): At Bockling, in Graf Schulenburg’s 
forest, lightning set fire to a crop of 15-yoar-old silver-fir, 
the fire extending over about sixty acres. 




Fig. 298,— Oak tree struck by lightning, St. Amand, near Valenciennes, 
e 28rd July, 1896. 



PART VI. 

PROTECTION AGAINST CERTAIN DISEASES OF 
FOREST TREES, 




CHAPTER *L 

GENERAL ACCOUNT OF THE DISEASES OF PLANTS. 

1. Definition. 

A forest plant is said to be diseased when, owing to 
disturbances in the functions of its organs and in the 
chemical or physical processes going on within them, it 
assumes such a condition that it is hindered from further 
useful development and may consequently die, either wholly 
or in part. Disease therefore causes blanks in woods of all 
ages, and also loss of wood-increment and consequent 
reduction in their value. 

2. Causes of Disease. 

Many different causes of disease in forest trees may occur, 
for instance, old age, injuries by men and animals, injuries 
by parasitic plants (weeds and fungi), by atmospheric agencies. 
Disease is also due to certain local circumstances, such as soils 
too poor in the chemical compounds necessary for plant-life, 

‘ soils too dry or very wet, too compact or too loose, etc. 

' Although much progress has been made during the last 

• twenty years in the study of the diseases of forest trees, a 
wide field is Btill ojien for discovery in this respect. 

8 . Classification of Diseases. 

; , The diseases of forest plants may be grouped according to 
their origin, the nature of the organs which are attacked, the 

V ' * A capital account of the conditions of environment which encourage disease 

• to a plant is given in the Proceedings of the Royal Hoc., vol. 47, “ The Croonlan 

; Lecture,” by H. Marshall Ward. 

/ Hartig, Dr, Robert, “ Lehrbuclyler Baumkrankbeiten,” Berlin, 1889. 

'V' Frank, Dr. B., “ Die KxankhettR der Pflanzen” 3 vols., 1896. 

; ‘ ' Boraneri Dr. Paul, “Zeitscbrilt tor Pflanzerkraukheiten; 1 S uttgart. Thfy 
‘periodical commenced to 1891 "* l 



'progress of the disease and its importance in i 
* four headings have been considered in the following listH-^ p : \ 

1. Diseases arising from physical agency (frost-crack, bark 
blister, etc.) and those from physiological causes, .such as red f 
and white rot. 

2. Local diseases, such as of the roots, or of the stem, bark, 
buds, leaves or shoots, or of the inflorescence and fruits of the 


8. Acute or rapidly developing diseases, or chronic diseases 
which develop slowly. * 

4. Diseases which merely cause loss of increment, and 
others which affect the economic value of the wood, the latter 
consisting either in an abnormal growth of otherwise healthy 
woody tissue, such as burrs, twisted fibre, etc., or in an 
unhealthy state of the tissues, as in red or .white rot. 

The worst kinds of damage to forest plants by men, 
animals, plants, and atmospheric agencies have been already 
dealt with in the preceding chapters of this book. For the 
study of abnormal growth in healthy wood-tissues, the reader 
is referred to treatises on Forest Utilisation. In the following 
pages will be described certain diseased conditions which 
could not well be classified under any of the foregoing heads 
and are limited to the following '.—red rot , white rot, stag - 
\ headedness , abnormal needle' shedding, and damage by factory 
: fumes. 
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RED ROT.* 


1 . Inscription. 

Red hot is a decomposition of wood, by which its elemen- 
tary organs are gradually detached from ono another, and it 
becomes eventually converted into a loose-textured mass, at 



Fig. 294. — Section of a spruce suiiVriog from red rot. 

a Sound wood, b Discoloured wood where decay has commenced, 
c Kottcn wood. • 

first reddish-brown and passing through a dark brown con- 
dition into a peaty substance resembling humus. Fre- 
quently whitish mycelia may be noticed traversing the wood 
; longitudinally, 

, Red rot (Fig. 294) occurs, according to its position, as root, 
stump, stem, or branch-rot. A transverse section through the 
rotting wood shows a great variety in the phenomena and 
course of this disease, oftqn in the same tree. Either certain 

/ > * WiUkomm, Dr. Moritz, “ Die Mikrospischen Feinde des Waldo?.” Dresden^ 
fi; ,J866,pi>. SI and 219. Hartig, Dr. B., <( Die Botfaale der Fichte,” “ Monatschrift 
daiForet und Jagdwesen," 1ST?, p, 97, an excellent and comprehensive work, 
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annual zones or groups of annual zones of wood betweili the 
heart and sapwood are attacked,* or the disease occuts in - 
patches, or attacks merely the central zones of the tree or 
branch. The sapwood is never attacked by red rot. The 
rotten wood may eventually be completely decomposed, when 
it disappears, leaving a hollow cylinder, in place of the heart- 
wood, and this frequently without involving the'death of the 
tree. Sometimes the innermost portion of the stem remains, • 
forming a thin cotuinnal, hard strand of wood united with the 
sapwood here and there by similar strands where branches 
have been enclosed in the wood. 

The commencement of the disease may he recognised by a 
light violofc or reddish colour of the wood, and by the porous 
spring zones being attacked before the harder autumn zones. 


2. Modifying Factors. 

a. Spirits. 

Red rot occurs in almost every species of forest tree. 
Among broadleaved species oaks and elms suffer most, and 
among conifers the spruce and Scots pine. The disease 
usually commences at the roots of spruce trees. 

Root xflt usually spreads upwards through the heartwood to 
the branches. It may, however, on the contrary, gradually 
descend from the branches through the stem to the roots. 


l>. Aye of Tree. 


Red rot is a normal condition of very old trees 
in the case of young trees. It has been observed 
from the age of 10 years and upwards. * 


h, but a disease 
1 in the spruce 


c. Locality. 

Wood may become rotten in all kinds of locality certain 
conditions of the soil predispose trees to this di ,s ’ g^ 

1 are — soils very rich in humus, calcareous soil. lSea9e ; 

J s soils very 

compact or wet and cold, such as clays and peats w are not 


* Termed Nondring in German and Imure in Fiend 



675 
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properly* aerated, or where an impermeable substratum occurs 
at an* inconsiderable depth below the surface of the ground* 
Wood also readily rots in places where cattle rest at midday, 
owing to the excrement. 

(I Treatment of Woods. 

A dense condition of a wood, especially in moist or wet locali- 
ties, favours the evil. Tapping for turpentine, barking by 
game, and other injuries, such as pruning living branches 
without tarring, frequently give rise to the lirst symptoms of 
red rot in wood, especially when the trees are growing in 
localities predisposing them to disease. 


8. Causes. 

Widely differing and frequently contradictory hypotheses 
have been started to explain the origin of red rot. Usually 
it is attributed to external circumstances, such as unfavourable 
localities, injuries, etc., without further inquiry into its possible 
causes. 

The first scientific inquiry into the cause of red rot is found 
in the works of Willkonmi (1860), who designated a microscopic 
fungus as the sole origin of the disease. He named this fungus 
Xuiedochus liffniperda , and another allied form which springR 
from it Rhj/nchmnyecs vidaccus, which causes the bluish colour 
in rotting wood. 

The question as to the origin of red rot waB not by any 
means solved by Willkomm’s researches, as he merely proved 
the presence of the above fungi in rotten wood, but did not 
make experiments to infect sound wood by means of their 
spores, so that it remained doubtful whether the fungi were 
th£ causes or merely the consequences of red rot. 

Robert Hartig, in 1874, solved this question by proving that 
id rot in the case of spruce, Scots pine, oaks, etc., really arose 
om infection by parasitic fungi. Later on, in 1877, he further 
roved that, at least for the spruce, unfavourable soils and 
Lternal injuries also induced the disease. As we have already 
t chapter III., part II., discussed the infection of trees by « 
ingi, we have now only to deal with the two latter cases. 

x X 2 
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a. Unsuitable Soils. 

' The kinds of soil which induce red rot in the roots of trees, 
and chiefly in their deeper-lying roots, are generally peaty , 
humus, calcareous soils, soils containing pans or impenetrable 
substrata oi ochrous iron ore, lignite, clay or loam, also very 
fine sand, not infrequently found in the lias formations m 
Germany. Such subsoils interfere with aeration of the surface # 
soil, the oxygen so necessary for the roots of trees being unable 
to reach them iu sufficient quantity. This is due to the fact 
that the air in soils too compact or waterlogged is gradually 
deprived of its oxygon by the roots of the plants growing on 
it and by the decomposition of the litter ; this loss of oxygen 
is’ not sufficiently replaced by the admission of fresh air to the 
soil. The denser the wood, the faster the evil progresses ; fungi 
also accelerate the disease. 

In the North-west German loamy heather tract, where pan 
is very prevalent, more than 75 per cent, of the Scots pine 
woods sutler terribly from red rot. Spruce, however, thrives 

This form of red rot is more prevalent with larch and some- 
times with Scots pine than with spruce, for the roots of the 
larch as well as those of Scots pine penetrate more deeply 
‘into the soil, and therefore rot more readily than those o 
spruce that spread in all directions iu the upper layers of ; 
the soil. 

Scots pine, however, when grown on shallow soils, can pro- 
duce superficial roots like those of spruce, whilst experience m 
Windsor Forest shows that larch growing on a gravelly soil 
above a pan always gets red rot, and this is confirmed by 
A. B. Webster,* who states that larch always gets red rot 
when grown on gravelly soils. 

- b. External Injuries. 

Trees are frequently wounded during the felling, convex, ■; 
and transport of timber. Wounds also arise owing to forest ; 
pasture, game, mice, insects, from pruning green branches, ot:> 
from meteoric influences, frost-crack, bark-scorching, windbreak 

y 4 » practical Forestry.” W iiliarn Eider & Son, London, 2nd edition, $$$ 
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5 or snowbreak, bail, etc* Wherever the living tissues of the 
wood are exposed, especially where the wounds are not clean- 
cut, moisture penetrates into them, unless they are protected 
by antiseptic substances, such as a natural flow of turpentine, 
or by tar. With the entrance of water into the tissues, certain 
chemical changes take place in their contents, and local disease 
may |rise. Spores of fungi also penetrato the tissues, such as 
'the spores of species of Polo poms in the upper parts of the 
tree, or of AnndUnra mellea , etc., in its roots. 


4. Diinunjc don<\ 

Bed rot affects the technical value of wood in proportion to 
its extent and degree of development, and to the innate value 
of the tree which is attacked. Wood affected by red rot cannot 
be used as timber, ami is only of slight value as fuel. The 
worst form of this disease is when it attacks a tree’s roots, as* 
it then generally affects the whole stem; the least dangerous 
form is in the branches. 

It is not rare in spruce woods 00—70 years old to find that 
10 per cent, of the trees are rotten, whilst the liability of rotten 
trees to windbreak and snow break is another cause of disaster., 

it. TmatHwni of tin* hismsc. 

The rules for combating red rot depend on the cause of the 
disease. 


//. 1 Xhm due to VnsuifM * Soils, 

Great care should he taken in planting to allot the species 
of trees to soils suitable for their welfare. 

■ Remove densely growing mosses and other unfavourable 
Vegetation from damp mountain soils. 

" Crain and work up the superficial layers of compact soils. 

;l ' In wet soils which cannot be drained, plantations should be 
made on mounds or ridges. 

calcareous soils broadleaved species should be intermixed 
with Scots pine and spruce ; low rotations of 60—70 years * 
Shiaflld be adopted for spruce. 
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b . When due to Injuries. 

Great care should be taken during timber-fellings and 
transport. 

Pruning of green branches should, if possible, be avoided, or 
restricted to branches under 4 inches in diameter ; all wounds 
made by pruning should be smeared with tar. 

All rotten trees and slumps should be speedily removed 
from the forest. 

All measures dictated by forest protection should be strictly 
followed in order to prevent injuries to the trees. 



Fig. 203 .— Frost-crack in an oak tree. Billoiitmrg. 
Photo, by R. E. Marsden. 



m 



CHAPTER III. 

WHITE ROT.* 

White rot is distinguished from red rot by the colour of 
the decomposing wood, which is of a whitish instead of a 
reddish hue. It is commoner among broadloaved species 
(beech, hornbeam, maple, oak, chestnut, poplars, and willows) 
than among conifers; it is probably due to several causes ,« 
combined, but appears to be chiefly caused by fungi. White 
rot is rarer than red rot, and its course less rapid. The 
protective measures to be taken are similar to those against 
red rot. 

* Boot'. rdWied In under 4t Km! rot.” A Wo see }>. HO 4 the present work. 





CHAPTER IV. 

STAG-HEADEDNESS. 

1. Description and Causes. 

It has been already stated that red rot frequently attacks 
very old trees, rendering their stems hollow, but another sign 
of excessive old ago is the death of some of the topmost 
"branches of a tree, which has no longer sufficient vigour to 
pump waijer so far. The death of these branches causes them 
eventually to break off, and atmospheric moisture is then 
admitted into the trunk, and rot commences and penetrates 
downwards towards the roots. Stag-headedness may, how- 
ever, occur in immature trees, and is then due to one of the 
following causes 

(a) When trees which have been growing in a dense wood 
are suddenly exposed as standards, as in natural regeneration 
in high forest, or after the felling of the underwood in 
coppice-with-standards, the surface moisture of the soil may 
be reduced and the trees consequently become stag-headed. 
In some cases such trees, and especially oaks, having com- 
paratively soft bark, owing to their formerly protected state 
in a dense wood, put out numerous epicormic branches from 
the dormant buds along their stems, which absorb the sap • 
that would otherwise reach their crowns. This tends to cause 
.sta|-headedness, which may, however, be obviated by one or 
two primings of the epicormic branches, until the bark 
becomes too hard for them to form. 

' (b) In forests of lightdemanders such as oak, larch, ash, ' 
Scots pine, the soil may be completely sheltered by the crop 
up to a certain age, but after 40—60 years the leaf-canopy 
ceases to be sufficiently close to protect the soil from the sun, 
Which gradually dries it up, and thus causes stag-headedness 
the trees, unless the soil be protected by an underwood of 
shadebearers. This result follows more rapidly on h$ii 
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aspects, *and the more superficial the soil, and the more 
porous the subjacent rock, such as chalk or coarse gravel, and 
the less the rainfall and relative humidity of the air in the 
locality. 

(c) Any interruption of the leaf-canopy in forests of all 



Fig. 296. — “ Foxy” Scots pine, Windsor Forest, 


kinds may cause deterioration of the soil and conseqdlht 


(d) Drainage also, by lowering the level of water in the 
soil of a forest, may deprive formerly thriving trees of suffi- 
cient moisture, which their roots, adapted to reach water 
near the surface, can no longer absorb in sufficient quantity, 
frees thus affected may become stag-headed. This happened 
iin a large scale with daks growing in the Wild Park a{ 
CSarlarnhe, owing to the rectification of the course of the 
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Bhine, and consequent lowering of the water-levef in the 
soil. A similar result followed drainage in Windsor Park 
with regard to some of the elms in the Long Walk avenue, 
and it is not uncommon with alder-woods after drainage. 
Continual and excessive removal of litter from a forest may 
cause stag-headedness in immature beech forest.* It has 
been noticed in certain two-storied coniferous forests in 
North America after the upper stage of trees had been felled, 
and the sun allowed to dry up the soil-covering, that the 
lower stage, the roots of which had spread superficially in 
the layer of dead leaves and humus, became liable to stag- 
headedness and death. 

(e) Stag-headedness in the Scots pine may bo caused, as 
stated on p. 441, by the fungus Pmdernmm Pirn, such trees 
being termed “ foxy” (Fig. *2011). 

It is found that though, in the case of conifers, stag- 
headedness is speedily followed by the death of the tree, and 
beech also speedily succumbs when similarly affected, yet 
that some other broadleaved species, and especially oak, may 
remain stag-headed for many decades without dying, although 
the technical value of their timber rapidly deteriorates, and 
their trunks may become completely hollow. 

One of the worst instances of ftag-headedness, on a large 
scale, may he seen in the State forest of Compiegne. Between 
1775 and 171)0, an area in that forest of about 0,000 acres 
was clear-cut and planted by a contractor named Panellier 
with pure pedunculate oaks. The soil was either very sandy, 
or a stiflish clay, but wherever on adjacent land oak is mixed 
with beech and hornbeam, excellent oaks are produced. In 
the Panellier plantations, however, now 100 to 130 years old, 
thPjground is generally hare of underwood under the oaks. 
The bark of the oak trees is yellow with lichens and they are 
nearly all stag-headed and have ceased to grow, presenting a 
deplorable picture. There are magnificent sessile oak trees 
more than twice the age of the Panellier oaks en sandy hills, 
called Les Hauts Monts, close to these pure pedunculate 
plantations, but these sessile oaks are mixed with beech. 

* Fiiret'g “ Waldschuta,” translated by J. Nisbet, p. 51). Edinburgh, 1893 
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2. Treatment 
a. Preventive. 

i. Maintain the soil-covering of dead leaves, moss, etc., in 
order that the soil may not lose its moisture. 

ii. Keep up a dense leaf-canopy, especially where the soil 
is shallow and liable to dry up, and where the subjacent rock 
is o4 a porous nature (chalk, gravel, etc.). 

iii. Underplant all high forests of lightdemanders with 
a shadebearer, such as beech or silver- tir, as soon as grass 
or other herbage appears on the soil, and fill up with shade- 
bearers any gaps which may have occurred in a forest owing 
to windfall, or other injurious causes. Underplanting oak 
forest with spruce may cause stag-headcdness, on account of 
the quantity of moisture the spruce absorbs. 

iv. Do not plant spruce, alder, ash or pedunculate oak in 
dry localities. The sessile oak will thrive on well-drained 
hillsides, where it is hopeless to plant the pedunculate oak, 

v. Avoid draining, unless it is absolutely necessary. 

vi. High forest is more suitable than coppice-wilh-standarda 
in dry localities and those with superficial soil or above a 
porous rock. 

vii. ‘When epicormic branches appear on oaks and other 
standards in ooppiec-with-standards, or on standards left after 
regeneration in high forest, they should he pruned oil before 
the next spring. It may be necessary to repeat the operation, 
but after two seasons in the open the hark of the standards 
becomes hardened, and the epicormic branches do not generally 
reappear. In any case the stems of the standards will be 
gradually sheltered again l^y the rising underwood, which will 
effectually kill any epicormic branches still on the tree. 

The appearance of epicormic branches on oak trees growing 
in a dense wood is a sign of disease, and such trees should be 
t gradually removed in the fellings, as they will certainly become 



b. Remedial.' 

As a rule no remedy can be adopted when forest trees become 
badly stag-headed, the only measure to he followed being to 
fell them and utilise their timber before it becomes further 



684 PROTECTION AGAINST DISEASES 

deteriorated. Slightly stag-headed ornamental trees' in parks 
or avenues may, however, be given a fresh start in life by 
trenching the ground under their crowns, breaking up any 
impermeable stratum under their roots, and manuring them 
with rich leaf-mould. Stag-headed trees may also be pollarded ; 
the reduced length of stem may then enable the roots to 
nourish the pollard shoots sufficiently to prolong the life of 
the tree for several decades. 

3. Addendum . 

The death of trees by “ bleeding to death,” a popular phrase, 
is- not uncommon with elms. The bark splits off in the 
spring in flakes from a tree which appears to be quite healthy. 
Sap exudes in frothy masses, and forms a deposit on the 
exposed wood. This continues throughout summer, and if the 
summer be a dry one the foliage eventually fades and falls off, 
and the tree dies. In a case that occurred in the very dry 
summer of 1300, the roots of the tree had been cut through 
by new drainage works, the tree standing between two 
cross-roads. Not a leaf was left on the tree by September, 
although it was quite flourishing in April, and not more than 
100 years old. 

Bleeding and peeling of the bark has also been observed 
on oak§ in Cumberland (Bray ton llall). New bark was, 
however, formed under the flakes of bark that peeled off. 
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CHAPTER V. 

NEEDLE - CAST.* 

1. Description. 

Since the end of the eighteenth century, a disease, termed 
needle-east (in German, Schulte), has been remarked on young 
pines, the external signs of which consist in the gradual 
reddish or reddish-brown discoloration of their 1- or 2- year-old 
needles, which eventually die and fall off the plants. As a 
rule these symptoms appear first in the spring ( VoMvmtcr 
Schutte), but not unfrequonlly also in the autumn and early 
winter (Nach-ieintcr SehutU), and in South Germany the 
latter often happens in years when the ground is free from 
snow. A steel-blue or violet colour of the 1-year-old pine- 
needles in autumn is no sign of disease, provided yellow or 
reddish-coloured spots do not also occur; this is an instance 
of the normal winter-colour of many evergreeu plants, which 
disappears as the thermometer rises in the spring, and gives 
place to the ordinary green colouring of the needles. The 
reddish discoloration and death of the needles proceeds from 
their tips downwards, and chielly affects the lower parts of 
the plant near the ground. Pines thus affected resemble 
those injured by drought, but at the commencement of the 
disease more or less regularly distributed dark spots amj 
stripes appear, and later,* in May, small black sporangia of 
the fungus Lophodermium Dinastri , Sclirad.t Also resin 
collects on the sickly needles. The worst form of the disease 
may be recognised when the buds become encrusted with 
resin and dry-up, and then no recovery is possible for the 
diseased plants. 

< * Freiherr von Loffelholz, 11 Beitrag zu einrr kritischen Naehweisung iiber 

die Scbulte-krankheit dcr Kiefer.’ 1 Berlin, 1865. Holzner, Pr. Georg, “Die 
Boobachtungen iiber die Sebiitte der Kiefer und die W mt erf fir bung immergrliner 
V. Gewfichse.” Freising, 1877. • 

" / f See p. 465. 



686, PROTECTION AGAINST t>ISEAm 

. Modifying Factors, 

a. Sperm 

The Scots pine suffers most from needle-cast, also the 
black, cluster and mountain pines. The disease does not 
appear to have been as yet observed on Weymouth pine, nor 
on Pirns rigida, Mill., that is now extensively usod for planting 
waste land. 

b. Apr of Plants. 

Two-year-old plants suffer most from this disease, but 3- 
to 4- year-old plants may also be attacked, though the 
danger becomes less every year. In years when the disease 
is very prevalent, weakly plants may suffer up to the age of 
15 years, but only up to about G feet from the ground. 


c. Locality 

Pines growing in all kinds of localities are subject to this 
disease, but it is chiefly prevalent in damp or wet places 
exposed to frequent fogs. Thus valleys and plains suffer more 
than hills and mountains, where the snow protects the plants 
during winter. In depressions and in cold valleys, the disease 
is often very destructive. As regards aspect, southern and 
western slopes are most endangered ; eastern slopes also suffer, 
but northern slopes either not at all or only exceptionally. 

The soil appears to have some influence on the disease, but 
its effects have not yet been clearly explained. Stein* states 
that Scots pine suffers most on pure sandy soils, but after all 
it is on such soils that most indigenous Scots pine-woods are 
found. Von Loffelholz f has observed that plants suffer less 
on thoroughly cultivated soil than when the land has not been 
previously broken up, and this may be due to the better root- 
systems and superior hardiness of the plants in such cases. 
It afso appears that on peaty soil needle-cast is little to be 
feared, which fact may be due rather to the treatment of the 
pine-forests on such locaTities than to the nature of the soil. 

* “ Ueber die Schiitte,” Dr. F. Stein, Thivramlter Jahrbucb,” voL riii., 1852, 
pp v 208—225. 

, f The same, p. 41, 
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EmmerRng* states that sowings of 1 -year-old pines in the 
North German heather-land suffer severely every year from 1 
needle-east, whilst those on the more favourable, sandy loam 
are not affe^d by it. 

It is clear that Scots pine is affected by needle-cast on all 
kinds of soil, but that on loam the plants are stronger and 
escape the danger better than on poor sand. 

d. iSoil-t'orn'iiifj. 

It is not yet decided what influence the nature of the soil- 
covering has on the disease. It may, however, ho laid down 
as a, general rule that ground covered with grass or weeds 
is less liable to it than hare localities, hut the favourable 
iniluence of the soil-covering may be counterbalanced by 
other causes. 

c. Si/slnn of Manage me n(. 

Under n shelterwood, the young pines may entirely escape 
the disease, or suffer only slightly, and lateral shelter from old 
pine- woods acts favourably by reducing insolation and radiation 
of beat from the ground. On large clearings, pines are almost 
always subject to needle-cast. Areas densely sown late in 
the year suffer most of all, when the individual plants have 
very small root systems and thin elongated stems. 

/. 1 Ycather. 

The disease is most frequent in March, April and May, 
and a wide range of temperature, such as warm sunny days 
and cold nights with rime, favours it. Cold, dry easterly 
or north-easterly winds increase the evil. I Hiring cloudy, 
rainy weather in spring, the disease may not appear at all, or 
only slightly. It is also more frequent after damp winters 
with light snowfall than after the ground has been well 
covered with snow. 

3. Geographical Range. 

The disease occurs wherever the Scots pine is cultivated, 
but is less common in colder countries, such as Russia. It 

* “ Untersucbnnguber die Tlimchc der Kiefernschutte in Hchleswig-Ho^tem,^ 

Dr, A. Emniftrling and Dr. 0. Loges, “ Allg. Frst. u. Jgdsttg.” 1882, p. 13.). 
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is not prevalent in the British Isles. In Germany it appears / 
to be connected with the extension of clear-cutting and ■' 
planting, which, since the end of the eighteenth century, has 
so largely replaced the system of natural regeneration of the 
Scots pine. In the damp, cold years 1850 to 1852 needle-cast 
was widespread and very destructive in North Germany, and 
again in 1881 to 1884. Pine-plants which have once suffered 
from it are liable to be again attacked, as they are gfeafcly < 
weakened by the disease. 

4. Causes. 

Numerous reasons have been given for the needle-shedding 
disease, as quoted by both Yon LolTelholz and Holzuer. The 
nature of the soil, the state of the weather, and combinations 
of these have been cited. Some think that Laphodcrmim 
JHnastri is the sole cause of the evil, whilst otherB hold it to be 
due to a more rapid transpiration of water by the needles than 
the roots of the plants can supply. It is therefore probable that 
we have here to deal with many causes acting in combination, 
one with another, but these may be reduced to the three 
following 

Needle-cast fungus, Lophodermium Piimtri, Schrad. 

Frosts, and especially early frosts in autumn. 

Insufficient absorption of water to supply that transpired 
by the plants. 

We have therefore to deal with three forms of the disease :~ 

(a) Funjoidal needle-cast. 

{b) Frost needle-cast. 

(c) Dry needle-cast. 

It is difficult to distinguish these causes from one another, 
as the fungus is always present, though frequently it may be 
only secondary. 

a . Funfjokial Nedk-mt. 

The necessary account of this disease has been given above 
on p. 465. Hartig,* Prantl, and Tursley have supported the, 

: fungus theory, but many phenomena appear which con* 
tradict it, for example, from the disease beginning at the points 

, * Vide Hartig, “ Lelirbuch der Bauinkrankheiten.” Berlin, 2nd edition, 1889,' 
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of the ifeedles, and the lower parts of plants suffering most, 
‘and above all, from the fact that the disease frequently appears 1 
in a single night, and is much commoner in broadcast sow- 
ings than in natural regeneration -areas. Hess has frequently 
observed the needles to have been attacked in every plant 
on a nursery-bod, after one night’s hoar-frost succeeded by 
a sunny day, and this altogether excludes the action of the 
fun^tis as cause of the disease. Moreover, infection by the 
fungus, which is favoured by heat and damp, would be easier 
under a shelterwood than in the open, which is not the case. 
The Lophodmaium is, however, widely spread as a saprophyte 
on dead needles of pines, as well as on those of the spruce and 
juniper. 

b. Fnntl Need! e-cant. 

G. Alers* and Ndrdlingert have proved that the disease is 
frequently due to refrigeration of the plants on unprotected 
soil free from snow, by radiation from the soil-covering, and 
this opinion has been adopted by most practical men. Generally 
autumnal frost is the cause, and late frost is not injurious, 
except when there is a great difference between the night- 
and day-temperatures. The fact that on older plants only the 
lower branches lose their needles points to frost as the cause. 

Frost needle-cast is common after wet, cold summers, during 
which the young shoots of the plants have not been properly 
lignified. Only late frosts can account for the needles turning 
red in the spring, but experience has shown that they are not 
nearly so destructive as early frosts. The fact that needle- 
cast is so prevalent on clearings, in depressions and valleys, 
and on uncovered ground where there is no obstacle to radiation, 
renders it probable that in many cases frost is the cause of the 
disease. 

r. Dry Needle-rant, 

The drying-up theory of the origin of needle-cast was 
first published by Ebermayer,t who, during the progress of 
his observations of Boil-temperatures in the Bavarian forest 

* Alers, “ Centrlbl. fr. das gcs. Frstw.,” 1878, p. 132 ; 1803, p. 81. Also 1880, 
p, 156 ; 1882, p. 159 ; 1883, p. 250. 

f Nbrdlinger, “ Krit. lllttr. fr. Frst. u. Jgdw.” vol. xlvi., 1863, p. 185. 

{ “ Die Physikalwchen Einwirkungcn des Waldes in der Abhatidluug,” ‘‘Thar, 
Fiutl. Jhrbch,.” vol. xxxiv., 1884, p. 158. 
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meteorological stations, was led to adopt this vief of the 
matter. His theory is, shortly, as follows;— The young Scots 
pine plants, owing to the frequently high atmospheric term 
perature in March and April (66° to 77° F. in the shade), 
are on sunny days compelled to transpire freely. Although 
the soil is wet enough to replace the loss of water by trans- 
piration, the action of the roots is restricted by the cold soil, 
the temperature of which may be only 40° F., or less, flown 
to a depth of 4 feet. Hence the little plants wilt and the 
needles dry up and die. This is not due, as in dry summery 
to the absence of moisture in the soil, but tojhe inabiljj, 
the roots to absorb water in the cold ground, anJTffijp** 
abnormal drying-up of the needles ensues. r Mm 

This theory will not explain needle-cast in autumn^® 
the soil is warmer than the air, hut when the needles are cast* 
in the spring, it is in complete accordance with the observa- 
tions recorded on pp. G86 — 7, under the headings “ Locality ” 
and “Weather.” Sandy soils cool down at night to lower tem- 
peratures, under similar conditions, than clays, and wet soils 
become colder than dry soils. Insolation is greatest on hare 
southern aspects. 

5. Da may e done. 

As a rule, needle-cast is not fatal to the plants, and those 
which have been attacked may recover, provided their terminal 
buds are still uninjured. Naturally, however, the injured plants 
languish for some time and are very liable to he attacked by 
insects. If, however, the disease recurs, and the terminal buds 
of the plants suffer, they have no chance of recovering. 


6. Treatment . 

As proper treatment of the disease will depend on its 
origin, the present section will he divided into headings 
according as the disease is due to a fungus, frost or the drying 
up of the plants. The method of contending with the attacks 
of the fungus has been already described on p. 465, and only 
the two latter causes will be dealt with here. 

a. Frost 

l Regenerate Scots pine woods under a shelterwood* 
Avoid large felling-areas in clearing Scots pine woods, and, 
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wDereveT, owing to circumstances, natural regeneration is 
impracticable, narrow strip-fellings should be effected, in* 
order to afford the young plants lateral shelter against 
' the sun. 

> ii. Avoid sowings, and especially broadcast sowings, in 
artificial reproduction of Scots pine. When transplants are 
scarce it is preferable to sow early in the year, in drills 10 to 
J 12 ilfches apart. Densely growing seedlings should be thinned, 
and a mixture of spruce with Scots pine-seeds acts favourably, 
the spruce protecting the pines. 

* iii. Yearling pines are best planted out with balls of earth, 
° n ", °ans of Ileyer’s circular spade, so that all injuries to the 
ii mipeY j avoided. 

. Sowings of Scots pine should be abandoned in narrow 
deep valleys and in depressions. 

v. As regards forest-nurseries, the following rules hold 
good . 

(a) The nursery should be in an exposed situation and not 
too small in area. It should, if possible, be higher than the 
surrounding land, never in a depression, or nearer than 50 
yards to a wood to the west. 

A wood to the west of the nursery reflects the rays of the 
sun on to it, which, heating the soil, cause early germination 
and shooting of the plants. This also favours stagnation of 
the air and late frost. 

(b) Beds of seedlings should be covered with dead leaves or 
moss, leaving only the tops of the plants free. 

* (c) The beds may be protected by coverings, which should 
not be too dense. They should be placed at about a yard 
from the ground, towards the end of September, and before 
the first early frosts, and may be removed as soon as late frosts 
in spring are no longer to be feared. Throughout the winter, 
the coverings may be partially removed during bright days, 
hut should be replaced before sunset. If the coverings are 
placed lower down, the plants suffer from insufficient aeration, 
but coverings such as are here described have proved very 
efficacious in different parts of North Germany. 

‘ (d) f Seedlings may be sprinkled with fine dry soil at the 
beginning of September, so that only the needles remain 

Y Y 2 



692 


PROTECTION AGAINST DISEASES# 


uncovered. In case the earth should be washed away"by rain, 
it must be replaced. 

(e) Nursery-beds should be manured with decomposed 
beech leaf-mould. This has been strongly recommended by 
several foresters, and a coating of about 1 to 1 J inches appears 
to be sufficient. This prevents sudden wide ranges of tem- 
perature in the surface soil, though it is not clear on this 
account why beech leaf-mould is preferable to other sifhilar < 
manure. It is stated, however, that heather-humus when UBed . 
instead of beech leaf-mould does not prevent needle-cast. / y 

(/) When ‘2-year-old plants are used, the yeatdings^^ >e 
lined out in nursery-lines. J 

b. J)ry NmllM'fiai. 

The principles to be followed in the case of this variety of 
the disease should consist in plans for raising the temperature 
of the soil, and reducing the intensity of the light, in order to 
increase the activity of the roots and reduce transpiration. 
Attempts should also be made to increase the powers of 
resistance of the plants. 

Soil-temperature is increased by the following measures 

i. Draining wet soils. 

ii. Deep cultivation and manuring, for instance with burned 
turf, but these measures can be undertaken only in permanent 
nurseries. 

iii. liaising the level of the soil about 1 foot in places pre- 
pared for sowing or planting. This method is useful for other 
reasons, and especially in the case of compact or wet soils. 

iv. Covering the intervals between rows of plants in the beds 
with substances that are bad conductors of heat, such as 
moss, dead leaves, etc. 

Intensity of light is reduced as follows : — 

v. lleproduction of Scots pine under shelterwoods, or with 
lateral shelter. 

vi. Sowing Scots pine with leguminous fodder-crops, such 
lucerne or eaintfoin. This has given splendid results in 

Brandenburg and Mecklenburg. 

# vii. The hardiness of the plants is increased by giving them 
plenty of space from the first, by carefully preserving the 
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fibrous rootlets during transplanting, and by using transplants, 
with balls of earth round their roots. 

7. Conclusion. 

From the above, it is evident that the two varieties of the 
needle-cast disease may be treated similarly. Needle-cast, 
owiijg to the fungus, would indeed be favoured by some of the 

'*js given under (a) and (b ) ; for instance, reproduction under 
uT uer, and manuring and covering with Scots pine-branches. 

Two other methods of protection have recently been sug- 
gested, but Hess has no experience of his own regarding their 
efficacy. They are as follows 

i. One or 2-year-old plants may be carefully dug up at 
the end of September or beginning of October, when they 
have assumed their normal winter colour, and placed in rows 
in a bed of loose earth raised 27 to 30 inches from the ground, 
and then covered loosoly with a few dead leavos. The plants 
will be green and in good order for planting in the spring, 
when other plants left, in the nursery -beds have become 
quite red. 

ii. According to the other method, trenches are dug 24 to 
27 inches broad, and 30 to 40 inches deep, and the plants 
placed in rows at the bottom of the trench with earth between 
the rows, either in autumn or in early spring. Sticks are^ 
placed across the top of the trench at distances of G to 8 
inches, which are then covered with branches of Boots pine, or 
of silver-fir. Spruce branches will not do, as the needles drop 
off too readily. The density of the covering must be regulated 
according to the state of the weather, and it should be denser 
when there is a considerable range of temperature between 
the day and night in the spring. In case of prolonged drought 
the plants should be lightly sprinkled with water. 

This method has been followed with advantage in certain 
forest ranges in Prussia. A irench 10 feet long will contain 
about 5,000 1 to 2-year-old pine-seedlings. It has not, 
however, always proved successful, and it is doubtful whether 
trenching plants in autumn may not be prejudicial. More 
experience is necessary before it can be confidently 
^recommended. 
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CHAPTER VI. , 

DAMAGE TO TREES BY ACID FUMES FROM 
FURNACES, etc. 

1. Description of Injun/.* 

truuifs long exposed to acid fames from iron-smeUinf 
furnaces, alkali and other chemical works and brickfields, or tc 
excessive coal-smoke in crowded cities, become continual!} 
more and more sickly, and may eventually die. 

The needles of coniferous trees become discoloured at first on 
the side from which the fumes come, turning yellowish, then 
reddish, and finally falling off, probably owing to the action oi 
the' acids on the chlorophyll. The buds at first escape injury, 
but the twigs of the trees gradually die from the summit of tin 
trees downwards. In this way the crowns of the trees gel 
continually thinner, as if they had been attacked by the pine 
beetle, and they eventually die. 

Broculleavcd trees suffer in a similar way, the damage to the 
leaves showing itself by larger or smaller reddish blotches, 
which gradually spread over the leaf till it dies and falls ofl 
the tree. The fact that most broadleaved trees are leafless 
during winter, when there is most smoke, accounts for their 
comparative immunity in London, whilst in Lancashire large 
coal -fires go on burning all the year round. Then, in propor- 
tion to the area, there is ten times as much coal burned at 
St. Helen’s as in London, and consequently vegetation suffers 
much more in the former place. 

* Vide “ Journal of the Society of Chemical Industry,’’ pp. 202 — 200 and pp. 342 
—345, Lunge’s “ Manufacture of Sulphuric Acid Alkali.’’ vol. i., p. 110; vol. ii. : 
pp. 182-190. “Air and Rain,” by Dr. R. Angus Smith, 1872. llasonclever, 
“Chemische Industrie,” 1879. Yon Schroder, Dr, Julius, and Reuss, Carl, 
“ Beschadigung der Vegetation durcli Rauch und die Oberharzer Huttenranch- 
BChfiden. ' ' Berlin, 1883. The best monograph on the subject.— Journal of Royal 
Sort. Soc., March, 1891, “Trees and Shrubs for Largo Towns," Maxwell T. 
Masters ; also “ Effects of Urban Fog on Cultivated Plants,” P. W. Oliver. 
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Fruit-trees exposed to acid fumes .cease bearing fruif before 
the foliage is seriously injured, and St. Helen’s was formerly 
famed for its fruit; but since 1867, owing to the chemical 
works in its neighbourhood, no fruit has been produced there. 
Crops of wheat exposed to acid fumes may to all appearance 
be ripe and full when scarcely a grain is to be found in the 
ears, lioot-crops, such as potatoes and turnips, suffer less, 
and on the whole trees suffer much more than grass or 
agricultural crops. • 

In the Tavistock woods, large areas of oak coppice were 
seriously injured by sulphurous fumes from arsenic mining 
works. Owing to the diminished working of these mines, it 
is now possible to replant the injured area with oak and 
larch. 

In 1861, extensivo damage was found to have been dono to 
coniferous woods by the fumes from the works at Freiburg, in 
Saxony, in some of which sulphuric acid is made from iron 
pyrites. Stockhardt* and Schroder , \ at the Tharandt 
laboratory, investigated the chemical components of the 
smoke which cause the damage, and Hamburger l has done 
the same more recently. Subsequent notices!) have appeared 
about damage in the Oberharz owing to acid fumes, and the 
area of forest damaged by three iron -works, in 1881, was 
about 11,250 acres. In the Altenau forest-range this damage 
has become noticeable since American ores have been smelted, 
which contain more sulphur than the native ores. 

Even by smoko from charcoal kilns Scots pine needles 
have been reddened at a distance of 50 yards, but this is due 
to the heat of the smoke. 

2. Injurious Components of Smoke . 

It has been proved by observations made at Tharandt, that, 
of the components of the fumes from the Saxon Works, lead, 
arsenic, and sulphur compounds, soot, etc., only sulphur 
dioxide is hurtful to woody growth, and a similar result has 

* “TharamUer Jhrbch.” vol. ix., 18.73, p. 189; also vol. xxi., 1871, p. 218. 

f Id., vol. xxii., p, 18.*> ; vol. xxiii., p. 217. 

t Id., 1888, p. 144 

$ Reuse, “ Ztachrft. fi . Erst. u. Jgdwm , 1881,” p. Go. Also ** Cutribltt, fr. d. ges 
Frttw. 1881, p. 267 ; id., 1882, p. 443. 
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been arrived at in the case of coal-smoke. In order to 
ascertain the fact, various species of woody plants have been* 
subjected to frequent and prolonged exposure to artificially 
produced fumes of each of the separate components of the 
smoke. Sulphur dioxide in the soil has no prejudicial effects 
on plants, as has been proved by watering them with diluted 
sulphur dioxide solution, for the gas speedily becomes converted 
into sulphuric acid, and forms harmless compounds with 
alkalies in the soil. 

The action of the sulphur dioxide when the air is moist, or 
the leaves moistened with dew or rain, is rapid and decisive ; 
it is probably absorbed by plants in the form of sulphuric 
acid, being taken up in variable quantities by the leaves or 
needles of different species of trees. It then proceeds from 
the leaves into the twigs. The leaves oi; needles gradually 
turn brown, owing to the decomposition of the chlorophyll 
and tissues of the leaf. 

Sulphur dioxide finds its way into the atmosphere by the 
roasting of minerals containing sulphur, and from coal-fires, 
coal containing about 2 per cent, of sulphur, chiefly in the 
form of iron-pyrites. What minute quantities of this gas 
suffice to kill plants was proved in 1864 by experiments with 
spruce plants which were exposed to air containing only one- 
millionth part of sulphur dioxide. After 335 puffs of the air, 
the points of the needles began to turn brown, and eventually 
turned completely brown. 

It has also been supposed that the soot in smoke might 
injure forest trees by blocking up their stomata, but this 
mode of injury is not admitted by Stockhardt. 

As injurious compounds of the smoke of other works maybe 
reckoned : vapours of mercury,* hydrochloric acid gas, oxides 
of nitrogen, and chlorine, also steam containing soda particles 
from cellulose-factories. The influence of hydrochloric acid 
from alkali- works is shown whenever the air contains 0*1 
per cent, by a considerable increase in the chlorine in the 
leaves. Leaves get brown or red edges, and eventually dry-up 
and fall. Chlorine acts similarly, but more energetically. 
Hydrochloric acid is very destructive to vegetation, sometimes 
* Wagner's “ Jhrbch.," 1874, p. 277. 
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forming dense clouds which, after escaping from alkali-works, 
settle on fields and kill whole patches of the crops in them ; 
it is, however, on the whole less hurtful to woods and crops 
on a large scale than sulphur dioxide, and the same may be 
said of the similar action of the oxides of nitrogen, and 
chlorine. Dr. Angus Smith gives the following comparative 
statement of acidity of air at different places in England 


Locality. J 

nil. 

SOj 

Rumarks. 

IllaoK pool, on 1 he Lancashire coast j 
London 

100 

320 

. 

100 

282 

Dr. Smith 
gave the pro- 

Manchester ... 

31U> 

110 

portions in 
SO;,, and $lhs 

St. Helen's 

run 

1 

i 387 

of these are 
given here as 

Underground llnilwty, London . 

071 

i 

j 1213 

SO 2. 


In a field near Blackpool lie found* 20’27 grains of hydro- 
chloric acid and 155*30 grains of sulphur dioxide in 1,000,000 
cubic feet of air, and the quantities in the other places may 
be calculated from these figures. 

Dr. Hamburger* states that lie oxposed leaves to the action of 

it, 11 , n > * and - of sulphuric and hydrochloric 

’10 100 1,000’ 2,000 1 J 

acids of equivalent strength, n boing a normal solution of 
49 grammes of sulphuric acid, or 3fi| grammes of hydrochloric 
acid in one litre of water. 

The normal solution produced discoloration in about half an 
hour, yellowish-brown spots appearing in the middle of the leaves 

and*extending gradually over the whole surface. The ~ took 

8 hours before signs of destruction appeared. The — 
acted in about a day, hut the action of the sulphuric a^id was 
stronger than that of hydrochloric acid. The sulphuric 

l,Ow 

acid produced discoloration in about a week, while the 
hydrochloric acid required 10 days to do so. 

* ‘‘Journal of the Society of Chemical Industry, 1884, p, 205, 
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The acid, equivalent to 24^ grammes of sulphuric aci4 

2,000 

or 18 1 grammes of hydrochloric acid in 1,000,000 parts of 
water, seemed to have no action. Two greenhouse plants were 

submitted to a daily spray of the 0 acid for a month, but 

showed no corrosion. 


8. Damage done . 
a. General Account. 

Among the direct hinds of damage done by acid fumes to 
trees are:— loss of increment, thinning out of woods and 
formation of blanks, injury to fruit, especially in the case of 
orchard-trees, loss of fodder by destruction of grass in a 
forest. Damage is done indirectly by rendering the woods 
liable to i*i sect-attacks, Jo lire and other dangers. 


b. According to fynries. 

Conifers suffer more than broadleaved species from smoke, 
even although the needles under similar conditions absorb 
less sulphur dioxide and are in themselves less sensitive 
and hardier than other leaves. This is due to the longer 
duration of the needles and their consequently increased 
exposure to tho bad influence of the gas, and to the greater 
powers of recovery possessed by broad leaved species. 

Thus evergreen conifers are not only longer exposed each 
year, but the evil accumulates from year to year as long as 
the needles remain on the tree, whilst broadleaved trees 
annually throw off their leaves. • 

Schroder* found that 1,000 square centimeters of leaf- 
surface, containing double that quantity above and below, 
will, within 86 hours, absorb sulphuric dioxide as 
follows 

U. cm. 

Silver-fir needles, young 1*8 

„ ,, old 1*4 

Alder leaves 7*0 

* “ Thar. Frstl. Jhrbch. vul. xxii, 1872, p. 193. 



Fig. 299.- Sumo oaks photographed July, 1888. several years’ cumulative injury 
having killed the trees.* 

* From Crooniau Lecture by Marshall Ward (ruk p. (571). 
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When exposed a second time for 20 hours, the silver-fir 
needles absorbed 1*6 c. cm., beech leaves 31 c. cm. 1 

Webster* gives a list of trees and shrubs suitable for town- 
planting, but among conifers only mentions the deciduous 
Ginkgo biloba, or maidenhair tree, as flourishing in the worst 
smoke-infected parts of London, and Retinospora planum 
aurea, which has stood for seven years in one of the most 
snfbky districts of Glasgow, and looks almost as well as when 
brought from the country. 

Masters also recommends Ginkgo biloba, and Pin ns excdsa. 

J. W. Sowerby, the Secretary to the itoyal Botanic Society 
of London, who lias resided in the Botanic Gardens, Begent’s 
Park, since 1842, states that when the gardens were first laid 
out (1839-45) special mounds were made and planted with 
nearly all hardy species of conifers, and although the natural 
soil of the gardens is a stiff yellow clay, suitable soil was 
furnished for the different trees; but in 1895, only a few 
miserable plants remained, including live or six deodars, 
and some yews, which last longest, but were then looking 
very bad. 

The amount of damage done to broadleaved trees depends 
not only on the susceptibility of the leaves, but also on the 
powers of recovery of each species, so that trees which unite 
least susceptibility to greatest powers of recovery will suffer 
least. 

Schroder has drawn up the following list 

1, Conifers : Silver-fir, spruce, Scots pine least susceptible. 

2. Broadleaved plants : Beech, lime, poplars, alder, maples, 
ash, hornbeam, aspen, oak. 

The immunity of oak is not, however, confirmed by English 
experience, and Marshall Ward states that oaks suffer greatly 
from acid fumes. Perhaps the German authorities refer to 
sessile oak, which is rare in England, where the pedunculate 
oak abounds. 

A Belgian! official report also considers the hornbeam 

* w Practical Forestry,” by Angus D. Webster, ltidcr & Son. 2nd edition. 
London, 1895. 

f “Rapport par la Commission d’Enqucte relative a l’influoncedes Emanations 
Acides sur la Vegetation, ’’ quota] by Dr. Angus Smith in an appendix to “ Air 
and Rain.” 
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and oak as suffering most of all broadleaved specie 
•acid fumes and even places them above the larch in this 
respect. 

Borggreve at Miinden drew up a similar table to that of 
Schroder, in the following order:— 

1. Silver-iir, spruce, Scots pine. 

2. Beech, lime, poplar, alder, maples, and ash. 

3. Hornbeam, aspen. 

4. Oak (least susceptible). 

According to Hess's* own experiments elms [Vlmns mon- 
tana and rampant ris) must be reckoned among resisting species. 

The above grouping cannot always be relied on, as there 
are too many modifying factors in particular cases. London, 
with its constant coal-smoke and numerous factories and 
frequent dense sulphurous fogs, should give better practical 
results as to the comparative powers of resistance of trees 
than any merely artificial laboratory experiments. 

There are fine large flourishing plane-trees (Plat aim 
orientalist L.) in Cheapside and on Ludgate Hill, which are 
entirely surrounded by tall buildings, and the plane is 
growing well on the Thames Embankment and in many parts 
of London. The plane-tree sheds large flakes of its bark 
annually, and its buds are sheltered by its sheathing petioles; 
these facts probably contribute to its immunity. 

The following account of the trees and shrubs which flourish 
in the Botanic Garden in Begent’s Park, London, has been 
kindly supplied by J. \V. Sowerby. 

“ Of the plane there are many very large trees. Maples 
of several species and varieties. Horse-chestnuts flower 
and fruit as well as in the country. Poplars of many 
species, t Elms, of which a belt surrounds the gardens, 
and one old elm which was on the ground in 1838 is still 
healthy. 

* »* Frstl. Blttr.,” 1874, p. 31. 

f Masters and Webster recommend for town planting P. orientals actrifolia , 
which has less deeply divided leaves than the uounnl plant, and may be dis- 
tinguished from P, omdentulit, L., by the many fruit-balls attached to its 
peduncles. 

| Popuhu ni iiadeum, Deaf., has a reputation in the Black Country for immunity 
from the effects of fumes. P. babamifera , L., is growing well in St. James' Park. 
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“Lifbe withstands smoke, but suffers from green aphis and 
other pests, and looks shabby in early autumn, as the leaves' 
fall early. Robinia thrives for 30—40 years, but then dies 
gradually, perhaps owing to the cold clay soil of the gardens. 
Two oaks remain small and scarcely grow, but have kept alive 
for over 50 years. Laburnum does well, and so do white 
and red thorns, 

“'Of shrubs, Aucuba japoniea is best, and fruits freely, and 
so do several varieties of privet. Lilacs and box do well, and 
Mahon ias fairly.” 

Webster adds the following to this list : species of llhus 
and Cotoneaster, Yirginia-creeper, ivy and the vine, besides 
Daphne Laureola , L., Skimmea japoniea, liibes sanguineus, and 
Jasminum midijlorum . He also gives a list of trees suitable 
for town-planting, that generally agrees with Sower by ’ b list, 
but also contains the following: Ailanlhus glanduUm, Dcsf., 
Magnolia acuminata , L., Liriodendron Udipifera , L., Calalpa 
speeiosa , Engelm, Morns nigra, L. lie states, however, that 
horse-chestnuts, limes, and elms soon show signs of distress 
when grown in smoky localities. 

According to the Belgian official report, the black alder 
{Abuts glutinosa, Gaerfcn.) may be seen growing close to 
chemical works, and in situations very much exposed to acid 
fumes, but apparently suffering very little from them. 

In planting avenues, or parks, in a crowded city, however, 
not only immunity from fumes has to be considered, but also 
the nature of the soil, the desirability of the tree, and the 
amount of shade it gives, and whether it bears radiation of 
heat from the houses and streets. The poplar, having a 
straggling crown and its branches being very brittle, is not 
suitable, while limes, except Tilia heterophylla, Vent., are 
liable to lose their foliage prematurely in hot dry summers. 
Probably the plane and sycamore are the best trees for the 
purpose. Of oaks, probably the Turkey oak (Quercus C err is, 
L.) is the only deciduous species which can at all resist the 
smoke of a large city. Quercus Ilex is termed by Masters 
a good town tree. 

In the Black Country, near Wolverhampton, Dudley and 
Bilston, the air is at present not nearly so impure as. w&s 
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formerly the case when the shafts of the smelting furnaces 
* were open, and the furnaces themselves much more numerous 
than at present. Dudley Park is exposed on the east to the 
acid fumes of smelting furnaces, and yet ash, poplar, and 
sycamore trees are growing there fairly well with elder, 
hawthorn and hazel undergrowth, while beech appears on the 
western slopes of the park, that are exposed to open 
country where there are no furnaces. Grass grows Veil 
enough in the Black Country, and there can be no reason 
why the large extent of uneven grassy land near Bilston 
(about 14,000 acres), where the coalfields have been worked 
out, the soil being weathered shale, should not be planted 
with trees, instead of remaining, as it is at present, a dreary 
waste. It is said that to level this land would cost £100 per 
acre, but no levelling would be necessary, if it were to be 
planted up with trees, which grow well enough on similar 
land in Belgium. 

There are works {it Bilston for galvanising iron, and the 
molten zinc in which the sheets of iron are plunged is covered 
with chloride of ammonium to prevent its oxidising. The 
fumes given of! during the process are said to kill all leaves of 
trees near the works by June every year, but these fumes 
probably extend only for a short distance from the works. 

Since 1903 planting has been undertaken in the Black 
Country under the auspices of the Midland .Reafforesting 
Association. (Yide Figs. 297, 298). 

c. Age of Trees. 

Woods suffer from acid fumes at all ages, but poles 15—30 
years old appear to suffer most. 

d. Locality . 

The influence of the locality makes itself felt chiefly by the 
direction of the prevailing winds which bring the fumes 
towards the trees. 

The Belgian Commission mentions 2,000 meters as the 
greatest distance from chemical works, in the direction of the 
prevailing winds, at which damage was observed. In certain 
cases, however, woods have been injured at distances of 
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4£ miles from the works, but naturally the amount of injury ^ 
done varies inversely with the distance. Trees bordering on 
the wood, and especially on woods to the east and north-east 
of the works, will suffer most. In narrow valleys even the 
smoke of locomotives has proved prejudicial to trees on* either 
tfide of a railway. Oliver states that the effects of London 
fog extend to 35 miles westward, and that seedlings of Cucur- 
uitaeeac and tomatoes' are thus killed at even that distance 
from London. 

It has been observed, chiefly in the Oborharz, that woods 
growing on fertile soil resist acid fumes better than those on* 
poor soils. 

r. Climate . 

Exposure to light and moisture are not without influence on 
the action of acid fumes. Leaves suffer more when dew is 
resting on them than when they are dry. Thus the damage 
will be at its maximum after rain at midday, and at its 
minimum with cool nights and dry days. The damage during 
rainy weather, though more severe than in dry weather, does 
not extend far from the works, as the rain speedily dissolves 
the fumes. 

/. Sundry Cimoiisfanrcs. 

When older woods overshade an underwood, the former may 
protect the latter from damage by fumes, and trees standing 
above the general leaf-canopy of the wood, such as sfandards 
in high forest or above coppice, suffer most. The shelter 
afforded to crops and orchards by walls and hedges is also 
considerable. 

Damage is not so soon marked in young woods under 30 
years old as in older woods. In old woods, especially coni- 
ferous, damage is soon recognisable. Their foliage soon 
becomes thinner ; the shoots dry up, and death soon occurs, 
often in two or three years. 

4. Methods oj Recognising Damage. 

The question* regarding external or internal signs for recog- 
nising damage by fumes is of great scientific interest. ‘It is 
also of practical importance, as in the disputes or lawsuits 
between owners of woodlands and of smelting furnaces, the 

ff.P. z z 
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first ground for determination is whether the damage to 
exposed woods is caused solely by the fumes or is due to other 
causes (frost, heat, dry winds, infection, or fungi). 

There are only two methods for determining the cause of 
the damage - 

(a) Chemical analysis of the injured tree-parts (leaves, 
flowers, etc.). 

(/>) Microscopic examination of the marks on the injured 
needles or leaves. 

On this subject there 1ms been since 1895 a keen literary 
dispute, in which Borggreve, Schroder, Hartig, Ramann, Vater 
and Wieler have contended. Most of these disputants prefer 
chemical analysis, to determine the amount of sulphuric acid 
in the ashes of the leaves. This must obviously be done by 
a chemical expert. The excess of sulphuric acid in affected 
leavQs over the amount in leavos from woods unexposed to 
fuirfea decides the question. As, however, the quantity of SOs 
in perfectly healthy leaves varies much, Vater considers the 
following conditions necessary to prove damage by fumes 

1. Ail injured and sound trees experimented bn must have * 
been growing on similar soil and at various distances from the 
smelting furnaces. 

2 . As a comparison, the average quantity of SO 3 in sound 
trees must pot be taken, but sound trees must be found and 
the quantity in them measured. 

8 . K sufficient number of sample trees must be chosen in 
order that reliable results may be obtained. 

It. Hartig prefers the microscopic method, at any rate for 
spruce. He considers the foxy red colour of the contents and 
walls of the cells bounding stomata, and, when the fumes are 
very strong, the red colour of the prosenchymatous bundles, 
as sufficient proof of the poisoning. Such needles cannot 
assimilate COy. They remain apparently healthy for several 
years on the trees, and die when th 6 woody bundles become 
affected. 

Ramann and Soraner both disagree with H^rtig’s statement 
that the change in the contents of the cells points exclusively 
j;o damage by fumes, as it may be due to damage by other 
factors. 
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Hess* therefore considers the chemical analysis as the best 
proof of damage done by fumes. < 

The presence of sulphur dioxide in the air near the 
furnaces is also an important factor in this question, and 
the air and the rain and snow that fall through it should 
therefore be analysed. 

5. Protective Measures. 

No thoroughly efficient measures have been devised against 
this evil. Tall chimneys, sometimes 500 feet high, "carry 
the fumes into the higher strata of the atmosphere, but it 
has been found that hydrochloric acid descends from them to 
the ground in dense clouds, and lays waste the vegetation at 
greater distances from the works than before. 

The best protective measure against hydrochloric acid is 
to get it condensed, as is now done in the British Isles under 
the Alkali Acts of 1808 and 1870, so that less than 1 per cent, 
of the acid generated in the works escapes into the air. 

There is more difficulty in dealing with the sulphur dioxide, 
and even the most perfect smoke-combustion cannot free the 
air of it. Attempts have been made in Germany to convert it 
into sulphuric acid, but this removes only one- third of the 
injurious gas, and at Clausthal, in Germany, 1,250 tons of 
sulphur are annually sent into the air, greatly damaging the 
coniferous woods in the neighbourhood. 

The forester in districts where hurtful fumes exist can there- 
fore act only by planting protective belts of strong transplants 
of the most resisting trees in the direction of the factories, and 
managing them entirely by the selection system. Under the 
shelter of these belts it will be better, if possible, to grow 
coppice or coppice-with-standards, which do not attain the 
height of high forest. Conifers should not be grown near 
smelting furnaces. 

6. Estimation of Damage. 

As owners of woods injured by factory fumes can claim com- 
pensation in the courts of law, the question of estimating 
the damage done is of great importance. 

In 1864 the Freiburg works Had to pay £2,750 compensation 
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for damage done to vegetation, Estimates of the value of the 
damage must be made in accordance with the principles of 
forest vfluation, and involve much difficulty. More will not 
be said on this subject here, but references are given below* 
to German books specially dealing with it. 

* Kraft, ‘‘ UckT die lieroclmung tier (lurch Jliittenrauch vcraulassfcn Sciitidi- 
gung von ffolzbcstiindini,” “ Ztschvft. fr. Frst, u, .Jgdw.,’’ 1K87, p. 270 ; Rutjjiiok, 
id., ISHU, p. 117. 



Fig. 300.— Woodland Glade near Oradley, in the illack Country. 
• (MkHaud IMoresting Association.) 
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A. 

Adders, 172 

Aecidium Abietinum, 462 
• ,, coluumare, 4(>2 

,, Conorum Piceae, 172 

,, elatinum, 148 

,, strobilinum, 472 

Aglaospora taleola, 181 
Animals, injuries by, 95 
Ants, 190 
Aphididao, 001 
Ash-twig moth, Old 
Atmospheric, influences, 4<Sf» 
Avalanches, 010 

31. 

Bacteria, 421 
Badger, 129, 107 
Bark, utilisation of, 27 
,, rights to, 84 

Bark-booties, 148, 23.5, 434, 534, 041 
Bark-l)lisler, oak, 481 
,, larch, 4.54 
Bark-scorching, 522 
Bears, 135 
Beavers, 135 
Beech canker, 477 
,, seedling mildew, 482 
,, woolly aphis, 300 
Bees, 193 
Birch, 402 

Birds, damage by, 130 
,, useful, 107 
„ protection by law, 1 72 
Black- game, 138 
Blackthorn, 403 
Bordeaux mixture, 460 
Bordered-white moth, 326 
Botritis Douglussii, 461 
Boundaries, 10 
Bracken, 407 
Brambles, 403 


Branehwood, dead, 51 
Broom, 399 

(\ 

Caeoma pinitorquum, 141 
(’aniels, 40, 47 
Canker, beech, 477 
,, silver-fir, 419 
Capercailzie, 138 
< ’uttlo, 10 
Centipedes, 173 
Cerambycidae, 1 18, 279 
Chuieoal, 91 
Chmnes, 061, J57 
Chrysomyxa Ahictis, 462 
Cinipidae, 358 
Click-beetles, 214 
Cockchafers, 200 
’l bccidae, 3 66 

( ’olbeil’slleformof French forests, 2 
Coleophora lanc(4Ia, 310, 450 
Colooptera, injurious, 199 
useful, 180 

Communal forests, firewood, 01 

Compiegne, forest of, 3, 107 

Coral-spot, disease, 179 

Cortjcium urnniphum, 15-f, 471, 682 

Cossus, 148, 282, 291 

Crickets, 308 

Crows, 130 

Cuckoo, 105 

Cuscuta, 417 

1 ). 

Dasyscypha calycina, 454 
Dean forest, 2 

j „ ,, jdague of voles, 127 

; Death watch beetle, 217 
j Diptera, useful, 194 
i ,, injurious, 307 
Diseases of insects, 180, 302, 317, 322 
,, of plants, 071 
Dodder, 417 
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Dormice, 122 
Dragonflies, 197 
Drainage, .001 
Drought, 5M 

E. 

Easements, forest, 07 
Elephants, 40, 47 
Elm bark-beetle, 277 
Epping forest, 89 
Exoascus, 448 
Exosporium, 4 .1.1 

F. 

Factory fumes, 095 
Fallow deer, 109 
Ferrets, 1 1 8 
Finches, injurious, 140 
,, utility of, 108 
Fires in forests, OHS 
Fisheries, 53, 89 
Flies, 19.1 

Femes annosns, 435 
l^oxes, 117, 100, 107 
Frost, 491 

Frostcrnok, .10.) • 

Frostbiting of seedlings, 510 
Fungi, 118, 421 

(L* 

Gall-flies, 000 
,, -wasps, 058 
Game, .10, 89 
G astro] mch a pini,, 294 
Geometndae, 020 
Goat moth, 148, 282, 291 
Goldcrests, 107, 244 
Grease bunds, 170, 000, 318, 331 
Greased harriers, 170 
Gulls, 108 
Gypsey moth, 319 

II. 

Hail, 557 
Hares, 40, 47, 11.1 
Heatcraek, 520 
feather, 400 . 

Hedgehog, 129, 107 


Hcmiptera, injurious, 361 
„ useful, 197 
Herdsmen, 48 
Heron, utility of, 130 
Herpotrichia nigra, 472 
Honey fungus, 429 
,, wild, 53 

llydnum divorsidens, 476 
Hydrochloric acid, effect on t*es, 
097 

Hylobius abietis, 225 
Hylurgus piniperda, 205 
Hymenoptera, injurious, 319 
„ useful, 184 
Ilypnum, 50, 408 
i llysterium Fimistri, 465 

I. 

Ichneumon wasps, 173, 184, 244 
Insect diseases, 186, 302, 317, 322 
Insects, classification, 149 
,, index of destructive, 374 
,, injurious, 199 
,, useful, ISO 
Insolation, .114 
Inundations, 580 

J. 

Jays, 139, 168 
Juniper, 409, 419 

K 

Kestrel, utility of, 130, 168 

L. 

Ladybirds, 183 
Lapwing, 168 
Larch blister, 348, 454 
„ miner moth, 346, 456 
Leaf-beetles, 283 
Leaf -roller moths. 331 
Leaves, utilisation of, 29 
* „ rights to, 84 

,, injured by fumes, 695 
Lepidoptera, 288 
Lianes, 410 
Lightning, 658 
Litter, utilisation of, 49 
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Litter^ighte to, 88 
Locusts, 371 
Longicorn beetles, 279 
Looper moths, 326 
Lophodermium macrosporum, -167 
,, nervisequium, 468 
* ,, Pinastri, 465, 688 

Loranthus, 415 
m 

M. 

Martens, 117, 122 
Melamporella curyophyllaeearum , 
448 

Melampsora Hartigii, 4S5 
,, pinitorqua, 444 

„ sp., 486 

Mice, 123 

Minor produce, 27, 53 
Mistletoe, 412 
Mole, 129 
Mole-cricket, 368 
Mouse typhus, 131 
Musk beetle, 283 

N. 

Neetria eiumibarina, 479 
,, CucurbituU, 452 
* ,, ditissima, 477 
Needle-cast, larch, 469 
,, piue, 4G5, 685 

„ silver-fir, 468 

„ sprues, 467 

Needle fungi, 461 
Nesting boxes for birds, 169 
Neuroptera, useful, 195, 199 
New Forest, 2 
Noetuidae, 319 
Nun moth, 310 
Nurseries, protection of, 396 

O . 

Oak bark-blister, 481 
„ leaf-roller moth, 333 
Occlusion of wounds, 104 
Offences in forests, 55 
Orchestes fagi, 221 
Orthoptera, 368 


Owls, utility of, 130, 168 
Ownership defined, 66 

V. 

Pannage, 31, 87, 171 
Pasture, forest, 35, 86 
Peridormium Piui. 411 
,, (acieola), 161 
Pestalozzia Hartigii, 160, 48! 
Peziza Willkommii, 151 
Pheasants, 138 
Phytophthora Fagi, 1 82 

,, ' omnivora, 1 82 
Pig, wild, 111, 167 
Pigeons, 139 
Pine beauty, 320 
,, beetle, 265 
blister, 411 
„ branch-twist, 411 
looper moth, 326 
„ moth, 291 
j ,, needle-east, 165 

I „ shoot tortrix, 335 

Plant lice, 361 
Poison for mice, 131 
^Polecats, 117, 129, 167 
Polytrichum, 50, 407, 409 
J’ulvporus fulvus, 151 
sp * 440, 476 

,, sulphurous, 440, 47 
Porcupines, 135 
Property defined, 64 

It. 

Rabbits, 3, 1 16 
ltain, 554 
3 tats, 124 
Ited deer, 97, 99 
„ rot, 439, 673 
Resin, 28 
Itotinia sp., 235 
Rhizina, 437 
Rhytisma acerinum, 483 
Rights of common, 69 
„ to water, 90 
„ of way, 99 
Rime frost, 574 
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Rodents, 114 
aoedeer* 110 
Rooks, 130, 335 
Boot fungi, 429, 473 
Rosellinia quercina, 473 
Rove beetles, 181 

8 . 

Sand dunes, 021 
„ inland, 030 
Sawflios, 349 
Scale insects, 300 
Soptoria parasitica, 460 * 
Servitudes, 07 
Shoep, 40, 167 
Shrews, 129 
Shrikes, 108 
Silver-fir canker, 448 
Sirex, 148 
Snowbreak, 56*1 
Softwoods, 81, 98 
Soil denudation, 382 
Sphaorella larieinu, 109 
Sphagnum, 50, 409 
Spiders, 173 
Spraying plants, 177 
Spruce canker, 452, 477 
„ cone fungus, 472 
,, needle rust, l03 
Squirrels, 118 
Stagheadeduess, 080 
Starlings, 107 
Btereum hirsutum, 477 
Stoats, 117, 129, 107 
Stones i* forests, 52 
3tonu$, 331 

Sulphurous acid fumes, 090 
Swamps, 390 

tycatnore leaf-blotch, 483 
Tr 

techinae, 173, 195, 310 
template, 18 


Termites, 199 " 

Tiger beetles, 180 
Tineidae, 343 
Tomicus typography, 
Tomtits, 167, 244 
Tortricidae, 331, 454 
Tree traps, 178 
Trametes radiciperda, 435 
„ Pini, 438 
Trichosphaeria parasitica, 47( 
Turnip dart moth, 325 
Turpentine, 28, 84 


Uprooting by frost, 510 
Utilisation of forests, 23 


Voles, 124 


Wasps, 188 
Wax, collection of, 53 
Weasels, 117, 129, 107 
Weeds, 380 

» hosts of fungi, 418 
Weevils, 217 
White rot, 439, 679 
Willow beetle, 285 
„ leaf -blister, 485 
Windbreak, 113, 350, 553 
Windfalls, rights to, 83 
Winds, 513, 527 
Windsor forest, 3, 33 1 
Wintor moth, 329 
Witches’ broom, 447 
Woodpecker, 70, 142, 244 
Wood-wasps, 355 
Woolly aphis, 300 
Wrens, 107, 244 
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